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The Effect of Stimulation on Turgesceiit Yegetable Tissues. 
By Ama Batesojs-, iNewnliam College, Cambridge, and 
EiACircis Daewust, E.E.S., E.L.S. 

[Bead 20tli January, 1887.] 

If the tnrgescent pith of a growing shoot is freed from the 
external tissues, it exhibits a sudden increase in length. It also 
exhibits, as is well known, a subsequent increase in length if 
placed in damp air or in water. The latter phenomenon, viz. the 
increase in length when turgescent pith is placed in water, forms 
the subject of the present paper — a subject which, so far as we 
know, has not been systematically worked out. The chief point 
to which we desire to draw attention is the possibility of accele- 
rating and retarding the rate of increase in length hy various 
reagents. We think that this subject is of considerable interest, 
as bearing on some of the problems of growth. In the pith we 
have the essential factor in the act of elongation of a growing 
internode freed from restraint, so that the facts gained by the 
study of the pith may guide us in the study of normal growth. 
We by no means assume that our conclusions drawn from the 
pith-experiments are directly applicable to normal growth, but 
merely that they throw light in an interesting manner on that 
subject. , 

niKJsr. jouEH.— BOTAiSY, von. xxiv, b 
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Method. 

Tlie plants used were tlie Jerusalem Articlioke {Heliantlms 
tulerofm) and tiie Sunflower {JB[, annuus). 

Botli of these grew close at band in the Laboratory garden, and 
could therefore be used in a perfectly fresh condition. The® 
internodes were freed from the external tissue^ so that pieces of 
pith 12 to 17 centim. in length and about 5 to 10 millim. in thick- 
ness were obtained. It is essential that the vascular bundles 
should be, as far as possible, removed; unless this is earefuljy 
done, the specimen, when placed in water, bends, owing to 
unequal elongation, and is useless for experimental purposes. 

The increase in length was measured by means of an auxano- 
meter-lever. One end of the pith was attached to the bottom of 
a narrow glass jar, the upper end being connected, by means of 
a thread of plaited silk, with the short arm of the lever. 

The form of lever used is a convenient one for growth-experi- 
ments. Jt is made of light wood, 628 millim. in length, and 
turns on a knife-edge. The thread connected with the plant is 
also attached to the short arm of the lever by means of a knife- 
edge-suspension, in the same way as the scale-pans are attached 
to the beam of a balance. Great freedom is thus ensured in 
the movement of the lever, a condition not easy to ensure in 
ail forms of auxanometer. 

It will be seen that a theoretical error is introduced by the use 
of a lever in place of a pulley ; hut when the short arm is of 
reasonable length, 45 millim., and especially when the thread 
connecting it with the plant is fairly long in our experiments" 
(38 centim.), the error introduced by the end of the short arm 
describing an arc instead of a vertical line is so small as to dis- 
appear in comparison with other unavoidable errors. 

. If a strip of pith is fitted up as here described, and the jar is 
then filled with water, the elongation as exhibited by the descent 
of the long arm of the lever is most striking ; indeed, so rapid is 
its movement, that it travels in many cases over 10 millim. in 
one minute. This rapid movement necessitates an occasional 
alteration in the position of the support on which the lever turns. 
"When the long end of the lever has descended from an angle of 
30° or so above the horizon to a corresponding angle below it, the 
support on which the knife-edge of the lever turns lias to be 
raised so as to bring the long end of the lever onc^ more above 
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the*" liorizon. This disturbance was not found in practice to 
interfere with the “ growth of the pith. 

The long arm ot‘ the lerer ends in a needle-point, so that the 
rate of its descent could be read off on a rertical scale divided 
in iiiilliineters. 

It was found that the best way of estimating variations in the 
rate of growth ” was to record the times which the end of the 
lever occupied in traveliing over a fixed vertical distance. A space 
ofl, 2, or 5 millim. was taken, and the movement of the needle- 
point was timed by means of a stop-watcb. Ey taking the reci- 
procals of the stop-watch readings, a series of figures propor- 
tional to the rate of increase of the pith at short intervals of 
time was obtained. And if the reciprocals are multiplied by 
fOOO, a convenient series of whole numbers are obtained, such as 
we give in oui* Tables. Where the rate of growth, or more 
briefly the “ rate,” is put down as 100, it means that the pith 
was increasing in length at the rate of about half a mihiineter 
(0*46 millim.) per minute. Tims the imit of rate employed in our 
Tables is 0*0046 millim. of actual increase ^er minute, 

Expeeiments. 

Before we describe the behaviour of the pith to reagents, we 
must consider its normal behaviour when placed in water. To 
give a general idea of the amount of increase in length which 
takes place in a short time, the following measurements are 
given : — 

Aug. 13, 1886. — Sunfl-ower-pith increased in 1 hour 7 minutes 
at a temperature 17° C. from 192 millim. to 215 millim. 

Increase =23 milUm., or 11*9 per cent. 

Aug. 13, 1886. — Jerusalem-Artichoke pith increased in 1 hour 
43 minutes at 16° C. from 215 millim. to 250 millim. 

Increase =35 millim., or 16*2 per cent. 

A^^arent Grand Period. 

If the increase in length in water is studied by means of the 
auxanometer, it is found that the rate is at first slow, but gra- 
dually increases, and ultimately diminishes again, thus simulating 

* Tor tbe sake of brevity, we skall use the term “ growth to mean the 
increase in leisgth of the pith. 
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tlie Grand Period of Gro^vti. We do not pretend tliat tMs |)lie. 
nomenon lias necessarily anj connection wBateyer with the grand 
period of normal growth, since we are aware that purely mecha- 
nical clianges, such as the untwisting of a in water, 

exbihit a similar series of rates, Bnt the fact is undoubtedly ^ 
•worthy oi record, and possibly of farther investigation. 

— Aug. 14, 1886. Sunflower-pith and auxanometer-lever. 
The cylinder was filled with wmter at 10.10 a.m. 


Times of observation. Bate of 
A.M. gro-u th.” 

10.12 SO 

89 

10.13 100 

10.13- 2 Ill 

10.13- 5 117 

10.14 IS3 

10.14- 2 138 

10.14- 5 153 

10.15 151 

151 

151 


Times of observation. 

A.M. 

10.16 

lO.lG-2 

10.17- 1 

10.18 

10.18- 5 

10.24 


10.29 


Bate of ^ 
growth/’ 
142 
149 
133 
133 

123 ® 

117 
85 
74 
60 


Ji’.rp. 2. — Aug. 3, 1886. Jerusalem Artichoke; lever. 


Times of obserTation. Bate of 


p.M. “ growth..’ 

5.2 ......... Water, 

107 

192 

222 

256 

285 

5.6 285 

277 


j Times of observation. Bate of 


p.M. “growth.’ 

5,6 270 

263 

250 

250 

243 

6.9 222 

ooo 


Whatever may be the significance of the apparent grand 
period/’ it was of importance for our work that its existence 
should he known, since it is obvious that we could not draw any 
conclusions as to the action of reagents till the normal coarse of 
things was known. 


Effect of Waemth. 

The results of w”arming the water in which the pith is placed 
are of considerable interest, as showing that, although the increase 
in length of pith, freed from the surrounding tissues and placed 
in water, must necessarily he abnormal in character, yet that it 
behaves in a normal manner in I’esponse to variations in the 
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temperature of its surroondings ; tliat is to say, ** growth ” in- 
creases with increased temperature, reaches a maxiranin, and then 
diminishes. ♦ 

The method employed was simple. Hot water was allowed to 
^run in at the bottom of the cylinder containing the pith, the 
oTerflow being regulated by means of a siphon. The hot water 
rises to the top, and as the overflow-siphon dipped to the bottom 
of the cylinder, there was a fairly good mixture of hot and cold 
water, jSTeyertheless the temperature was not quite uniform 
throughont, the npper part being about C. higher than the 
lower. 

3. — Aug. 18, 1886. Sunflower-pith ; lever. 


# Times of observation. 

Rate of “growth.” 

Temperature. 

P.M, 


° 0. 

12.20 


16 

12.25 

142 



138 



114 

!J 

12.25-5 

Hot water turned on. 


12.26-5 

86 

18 


82 

19‘2 


85 

20-5 


101 

22 


101 

24-5 

12.30 

126 

26 


153 


12.31 

161 

28-5 


181 

29-5 


250 

12.33 

344 

35-5 


357 



333 

38-5 

# 

" 333 

5lt 

12.34-5 

344 

41-5 


400 

43 


322 



333 


12.36 

333 

»» 


285 

45 


322 

48 


312 

»» 

12.37-5 

303 

50-5 


250 

,, 

12.40-5 

285 

52 


243 

54 


238 


12.42-2 

238 

55 


204 

56 


192 

n 

12.45-5 

28 

56-2 

12.46 

stopped. 

56-5 



Ex2i. 4 .— Aug. 18 , 188 G. Suuflower-pitli ; lever. 

Times of obsorTation. Eute of “growth.” Temperature. || Times of observation. Bate of “giwvth. Tenpiemture. 
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SiVp, 5. — Aug. 19j 1886. Sunflower-pitli, 


Times of observation. 

Bate of “ growth.” 

Temperature, 

A.M. 

C. 

10.40 


17 


85 



feo 


10.44 

84 


• 10.45 

80 

Hot water put in. 


iO.46-5 

83 

20*5 


100 

22 


111 

24 

' 10.4S-.O 

120 

20 

10.49 

160 

29-5 


158 

30-5 


212 

32 

iO.50T> 

238 

33 


270 

34-5 


Ar5.> 

312 


10.52 

312 



333 


10.52-9 

322 

.3^5 


312 



344 


10.54 

285 

4V5 

10.56 

169 

41*5 

10.56-5 

192 

44 


222 

»» 


2W 

46*5 

10..T.S 

181 

47 


181 

48*5 

10.59 

188 

48-7 


222 

■s» 

I1.0«O 

200 

50*7 


200 

5T5 


204 

*» 

11.1*5 

192 

52*5 

11.2-5 

142 

54 


100 

54*7 

11*4 

35 

57 

11.4-5 


. 57-5 

H.5'5 

, , . . . — 62 (contracts 2 mm.) 


he connection between changes of temperature and changes in 
the rate of growth are shown in the accompanying curves. The 
irregularity in the rate of growth shown in our Tables is here 
rendered perceptible. 

The first point that strikes one on looking at the results is the 
high temperature at which growth can go on. The following are 
the maximum temperatures of five experiments : — 

57^*5 C. 

57’"*5 


56°'5 C. 

54°*5 

52^*5 
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These maxima are certainly high when we compare them with 
the iiaasima recorded for normal growth. Eor the Maize, PfefFer 
e Fig. 1. 



temperature (° C,). Temperature. 


gives 46°’2 C. as the highest temperature al which growth occurs ; 
hut 56°-57® 0. is not a higher temperature than plants are known 
to he capable of surviving*. 

Pfeffert has pointed out that where the maximum is a very 
high temperature, it often happens that the maximum growth 
^ Wiesner, Sitzungsb. der Wiener Akad. 1871, Bd. Ixiv,, got seeds of Pinus 
Larim which: had been exposed for 15 minutes to temperatures of 55°, 60°, 
and 70° 0-, to germinate ; and seeds of Abies exceka exposed to a temperature 
of 70° 0- for the same time germinated. « 

t ‘ Pflanzenpbysiologie,’ ii. p. 123- 
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takes place at a temperature only sligMly lower ttau tlie tem- 
perature whicli causes death. This seems to be sometimes the 
case in our experiments: the rate of “growth” increases until 
suddenly it becomes much slower and stops altogether. In 
other cases the “ growth ” begins to get slower at a temperature 
considerably below the fatal temperature. But in these cases 
also there is a sudden fall in the rate of “ growth ” just before 
death occurs. 

EeEECT OE EuAGElirTS. 

1. Stimulating 'Effect of Alcohol, 

The pith was fitted up in a cylinder of water and, as soon as a 
few readings had been taken, the spirit was added in such a way 
that it mixed quickly with the water. It has been shown that 
after a short immersion in water, growth begins to slow down, so 
that any acceleration in the rate can be very clearly seen. 


Ewp, 6.— Aug. 25, 1886. Sunflower-pith. 


Times of observation. 

Bate of growth.’^ 

Temperature. 

P.M, 


® C. 

3.30 

.. Water put in- 

20-5 

3.32-5 

83 

n 


81 



71 



72 



75 


3.42 

72 



Siphoned out water. 


2 per cent, spirit 

m. 20 

3.44 

108 

»» 

3.45 

99 



93 


3.46 

76 

n 

Eesult with methylated spirit 2 per cent. : acceleration 100 : ^ 

Jirjo. 7.— Sept. 7, 1886. 

Jerusalem-Artichoke pith ; lever. 

Times of observation. 

Bate of " growth.” 

Temperature, 

P.M. 


° C. 

12.11 

Tap-water put in. 

19-5 

12.15 

344 

j» 


285 

n 

12.16-5 

266 

tt 


260 

n 

12.17 

222 

n 


238 

n 

12.17-5 

222 


12.18 

200 


12.20 

149 


12.20-2 

142 
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Exp, 7 fcoatiiiiied). 


Times of observation. Bate of “growth/’ Temperature. 

p.ji. 0 6. 

12.20 5 Siphoned out water. 

1.±2l‘5 4 per cent, spirit in. IT’f) 

12.22 256 

12.22- 5 196 

200 

12.23 153 

12.23- 5 138 

12.23- 9 133 

12.24 125 

12.25-5 105 


.Result with 4 per cent, methylated spirit : acceleration 100 : 180. 
.Exp, 8. — Sept. 7, 1886. Jerusalem- Artichoke pitfi. 


limes of observation. Bate of “growth.” Temperature. 

P.M. o C. 

3.50 Tap-water (370 c. c.). 19 

3.52-5 204 

196 

3.53 166 ,, 

129 

10.8 

3.55- 5 100 

3.56- 5 89 

3.58 89 

3.58 4*3 per cent, spirit. 20 

333 

3.59 285 

250 

3.59-2 200 ]] 

4.0 200 

4.1 166 

4.T5 144 

4.2-2 138 


Result with 4*3 per cent. : acceleration 100 : 375. 

It will be seen that in these three cases the acceleration is onl j 
temporary, the rate begins to fall after a sudden rise, 

A number of experiments were made on the effects o£ 
alcohol, the results of wRich agree with those already given ; that 
is to say, a temporary and variable amount of acceleration is pro- 
duced. The temperature of the water was not noted in all cases ; 
hut we satisfied ourselves that the acceleration is not to he 
accounted for by the slight rise in temperature which follows the 
mixture of the spirit and water. Experiment 7 shows clearly that 
a great acceleration occurs, even when the temperature is made 
to diminish, on the addition of alcohol. 

The following experiments give some notion of tlie percentage 
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of alcohol necessarj to produce acceleration. In these cases 
absolute alcohol was used instead of methylated spirit. 


Acceleration produced 


2 per cent... 
2 . ... 

1*5 „ ... 

1*5 „ 


100 : 122 
100 : 105 
100 : 108 
100 : 172 


.^0 effect produced by — 
1*5 per cent. 

1 

1 

" 0*5 „ 

We may conclude that 1*5 
per cent, of absolute alcohol 
is about the critical point ; 
while strengths greater than 
this can be trusted to pro- 
duce acceleration, those 
lower can be trusted to pro- 
duce no effect. The fact 
that alcohol produces a 
sudden acceleration in rate 
of increase may be simply 
shown by a different method. 
If a Dandelion flower -stalk 
is split, each half curls up 
into a helix. If now a slight 
weight is attached to one 
end of the helix, it may he 
made to hang in a vessel of 
water, when the weighted 
end will revolve wdth more 
or less rapidity. If an index 
is fixed to the weighted end 
of the spiral, and a graduated 


Fig. 3. 


4.40 


4.45 4.50 

TIME P.M. 


Diagram : Effects of Alcohol 


scale applied round the vessel, any diminution or increase in 
the rate of revolution can be easily measured. With such an 
apparatus we have repeatedly observed a marked increase in the 
rate of revolution when alcohol is added. 
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Kvj?. 9. — July 29, 1886. Dandelion ; screw method. 

Bate 

76 (in water). 

76 
85 
66 

Transferred to a jar of 
3 per cent, alcohol. 

71 
47 
26 

Alcohol added (G per cent. 
mixture). 

35 

36 

Experiment 9 and other similar trials showed that a fresn 
acceleration of growth can he produced hy repeated doses of 
alcohoL The effect of immersing the pith in pure methylated 
spirit surprised ns much ; and is the only result which caused us 
to doubt whether the alcohol may not act in some inexplicable 
mechanical way, and not as a stimulus. Pure methylated spirit 
causes an extremely rapid “ growth,” lasting for a few minutes, 
followed, as might be expected, by death and contraction. The 
only analogous case which we know of is when a split flower- 
stalk is put in hot water. The stalk continues to curl up violently 
owing to increased turgescence, and then, as the tissue gets 
heated throughout, it dies and uncurls. It is not easy to see how 
the alcohol can stimulate without killing the tissues ; and we 
should have expected that it would have caused contraction, as 
in the case of other poisons. Although this point is a difficulty, 
we do not think it fatal to our conclusion that turgescent pith is 
stimulated to increased growth by alcohoL 

2. Stimulating Effect of Ether Vapour. 

The effects of ether and chloroform on plants is the subject of 
an extremely interesting paper t by Dr. Elfving of Helsingfors. 
He bas shown that ether and chloroform have 'a stimulating 
effect on respiration, and a highly remarkable action on the sen- 
sibility to light of swarm-spores. He has also tested' the effects 
of the above vapours on the rate of growth of EJigcomgces ; and 

That is, rate of movement of the index, 
t Ofversigt af Finska Yetensk.-Soc. Forh. Bd. xxviii. 


Times of observation. 

• A.M. 

11.39 

11.42'5 

11.45 

11.46-5 
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it is this point wMcli especially interests ns. He found tliat 
1 per cent, of etter had no effect, 2 per cent, a distinctly retarding 
effect, while 5 per cent, brought growth to a standstill, but \fithout 
hilling the hyphse. 

% It will be seen that our results are not necessarily opposed to 
Elfving’s. In the first place, he experimented on a different 
plant; and, secondly, he does not give any results with per- 
centages lower than 1 per cent. “WTiereas in our case the stimu- 
lating effect of ether was greatest when the vapour was present 
in'strengths leloio 1 per cent. 

In our experiments the pith was allowed to “ grow ’’ in damp air ; 
in some cases it was previously wetted ; but usually pith was em- 
ployed -which had not been so treated. A kno-wn quantity of 
eftier was then poured into the jar of known capacity. The 
mouth of the cylinder was closed by a divided glass disk which 
allowed the passage of the thread attaching the pith to the lever. 
The atmosphere of ether was thus kept as constant in strength as 
was possible. 

There can be no doubt that the vapour of ether has a marked 
accelerating efiect. 

The following Table shows the percentage of ether in the 
atmospheres which caused acceleration, the amount of quickening 


being given in a parallel column : — 


Percentage 

Acceleration 

of ether. 

growth. 

0-27 

.. 100:118 

0-27 

.. 100 : 156 

0-37 

100 : 146 

0*40 

.. 100 : 200 


In raising the strength of the ether hy successive additions, 
acceleration of growth was observed on each addition ; but no 
acceleration was observable when the strength had been raised to 
about 1*2 per cent.^ 

* la one case a very slight acceleration occ-urred when the strength was 
suddenly raised from I’SO per cent, to 4-5 per cent. ; and this was quickly 
followed by contraction and death. 
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Mocp. 10. — Aug. 4, 1886. Jerusalem- Articboke pitb ; auxauo- 
meter-leyer. Cjlinder (670 cub. centini.) filled with water, 

3.51 P®M. 


Times of observation. Bate of 


p.M. “ growth.” 

3.51 93 

76 

3.53 In air. 

68 

8, 54-5 60 

3.56 1 e. c. ether put in, 

'27 per cent. 

94 

66 


Times of observation. Bate of 


P.M. 

“growth.” 

3.59 ., 


4.0 „ 

43 

1 c. c. ether put ; 
'54 per cent. 
108 

57 

4.48 


4.8 .. 

26 



Exp. 11. — Sept. 14, 1886. Sanfiower-pifcb ; lever. 


Times of observation. 

A.M. 

Bate of “ growth.” 

11.8 

Pith in damp air (370 c. 

11.8*5 

250 

11.12 

142 

11.12*3 

80 

11.13 

*27 per cent. 

11.13*5 

95 

11.14 

60 

11.15 

*59 ger cent. 

11.1,5*5 

121 

11.16 

86 

11.17 

48 


Temperature. 

^C. 
c.). 20*5 


20-7 
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11 (continued). 


Times of observation. Bate of “growth.” Temperature. 

11.17- 5 2*6 c. c. ether added, 21 

1*2 per cent. 

11.18 81 

11.18- 8 53 

11.20;5 1‘2 c. c. ether added, „ 

1 ‘6 per cent. 

11.22 26 


JE^?n 12. — Sept. 14, 1836. Sunflower-pith ; lever. 


“Times of observation, 
i.sr. 

11.39 

11.40-6 

11.42- 7 

i 11.42-8 

11.43- 5 

11.45-2 

11.46 

11.47 

11.48 

11.48*5 

11.49 

11.50 

11.50-6 

12.1-5 

12,2 

12.6 

12.9*5 

12.11 

12.13 

12.14 


Bate of “growth.” Temperature. 

° 0 . 

In damp air (370 c. c.). 21 

49 
22 

T6 c. c. ether put in, ,, 

*43 per cent. 

44 

42 
39 

4 c, c. ether put in, „ 

1*5 per cent. 

83 

62 

1-6 c. c. ether added, „ 

2-0 per cent. 

65 

43 
11 

10 c. e. ether added, „ 

4*6 per cent. 

12 

Began to shorten. „ 

—16 1 „ 

Kot flaccid. „ 


Another method, too rough to admit of accurate determinations, 
confirmed our results in a general waj. 

A young fi.ower-stalk (we employed Ckr^smthemum corona- 
rium) was divided longitudinally, so as to cause the two halves to 
curl outwards in the usual way. A semicircle of the split pe- 
duncle was fixed by one end to a pin stuck into the bottom of a 
shallow glass vessel. It was so arranged that as the peduncle 
continued to curl up, its movement was in a horizontal plane. An 
index of spun glass was fixed to the free end of tlie peduncle, and 
the movement of the index measured under a vertical microscope 
with a low power. 

"When the rate at which the index was moving across a micro- 
meter-scale had been determined, a drop or two of ether was 



16 MISS A. BATESON AND MR. E. BAEWIN ON THE EFFECT OF 

introduced and a glass cover placed over the vessel. In^^this 
way it was easy to observe that : — 

(1) «Low percentages of ether cause acceleration in the curling 
up of the curved stalk. 

(2) The stimulation can be renewed by repeated additions of^ 
ether. 

(3) When the amount of ether reaches about 3 per cent., the 
tissues are killed, and the stalk uncurls. 


3. The Fffects of Chloroform, 

The pith was placed in damp air in the jar used for the ether 
work, and the ausanometer-lever was employed to measure t^ie 

growth.” 

We expected to find that, like ether, chloroform wonld stimu- 
late the “ growth ” of the pith, since Elfving has found that 
both these substances stimulate respiration. This, however, was 
not the case^. In only one experiment did chloroform (about 
1*4 per cent.) have any stimulating effect on the “ growth ” of 
the pith. 

In some cases we found chloroform produce retardation. It is 
of course difficult to make sure of this result ; but when, as in 
Experiment 17, the fall in the rate of growth is great and sudden, 
it must be attributed to the effect of chloroform. 

The following Table gives some of the results of experiments 
which are given in detail below : — 


Strength. 

Effect. 

0*008 per cent 

Eetardation of “ growth,” 

0-05 „ 

iN'o effect. 

0-07 „ 

No effect. 

0-1 


0-9 

Slow contraction. 

1-0 

Slow contraction. 


Higher percentages also caused contraction. 


^ Ether and chloroform act differently on the respiration of Willow-leaves, 
inasmuch as the optimum for ether lies between 3 and 7'9 per cent, ; while for 
chloroforrai it lies between 1*8 and 3 per cent. 
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13 — Aiig. 5, 1SS6. Jerusalem- Artichoke piili ; auxano- 
Hieter-lever. 


Times of 
obserration. 

» A.M. 

10 . 1-5 .. 

10 . 3*5 .. 

10.4 
10.6 


10 . 8-8 


Kate of •• growth.” “ g™wth.” 


A.M. 

In 270 c. c. water,’; 1 c. c. cliloroform, 

76 ;; *37 per cent. 

75 j: 10.11 24 

Water siphoned 10.13-3 21 

out. 1 c. e. cliloroform, 

In air. ; *74 per cent. 

S3 10.17*5 33 (shortened). 

i; 10.19 -IS 


jEh?p. 14. — Aug. 5j 1886. Sursilower-pitli, with auxanouieter. 


of 

observation. 

A.M, 

10.49 


10.50-5 


10.52-8 

10.54-5 


Rate of growth.”;! 


Times of 
obserration. 

A..M. 


Rate of ** growth.” 


In water (370 c.c.).ii 
178 ji 


192 

178 

151 


Water siphoned ! 
out. 


In air. 



3-4 drops of chloroform. 


10.5<; 47 

10.57 45 

10.58- 5 33 

10.59- 5 4 drops of chlo- 

form. 

11.1-5 26 

2 c. c. chloroform. 
Stationary. 

1 1 . 1 1 *5 Began t o contract. 

— 16 (shortened). 


JEJxp. 15. — Aug. 23, 1886. Auxanometer ; Sunflower-pith. 


Times of observation. Rate of “ growth.” 

A.M. 

11.4i|; In damp air. Jar of 4770 e. c. 

11.43" 46 

11.44-2 ^ 30 

11.45 *4 c. c. chloroform, *008 per cent. 

11.46-5 12 

11.49 Still growing. 


Another Method . — Small pieces of split stalk were oTbserred with 
a microscope, as described under ether. Bj this method the 
results obtained with the auxanometer-lever were roughly con- 
firmed. A single drop or several drops of chloroform were 
added, and in no case was acceleration visible. With higher 
strengths growth ceased, and the stalk began to nucurl. 


4. Effect of Qamphor. 

An aqueous solution of camphor, said to be 0*1 per cent., 

LINF. JOUEF. — BOTAFT, VOL. XXIV. 0 
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was tried; but no effect on the ‘'growth” of the pith was ob- 
served. This is contrary to what might have been expected; 
since camphor is generally considered to have stimulating effects 
on plants"*". 

5. lEffect of Ammonia, ^ 

Weak solutions of ammonia were found to have a well-marked 
stimulating effect* These solutions were prepared by diluting 
the Liquor Ammonise Lortior of the British Pharmacopoeia, 
which contains 82*5 per cent, gaseous ammonia. The auxaao- 
meter-lever was used to estimate the rate of growth. 

The solutions employed contained percentages of ihe liquor 
varying between 0*5 and 2*4 per cent. ; and within this range 
acceleration was produced. The strongest solution emplo 3 %d 
was 2*4 per cent. ; and this did not canse any contraction such 
as was produced by the higher percentages of ether. 

The following Table shows the amount of acceleration pro- 
duced — 


Strength 

Amount 

of 

of 

solution. 

acceleration. 

0*5 

100 : 145 

0-77 

100 : 169 

1*9 

100 : 108 

2 0 


2*2 

100 : 121 

2*2 

100 : 125 

2*4 

100 : 129 


The experiments are given in detail below. 

16. — July 81, 1886. Jerusalem-Artichoke pith ; with 


Kate of “growih” 


ausanometer-lever. 



Times of 
observation. 

Bate of “ growth.’^ 

Times of 
observation. 

I 

P.M. 


P.M. 



In water. 

5.12 


5*6 ... 

........ 476 




416 




384 




370 




370 

5.14 


5*9 ... 

333 

5.17 



322 



Eesalt : 

acceleration. 




*77 per cent, 
ammonia. 
52B 
476 
434 
416 ■ 
232 


^ See Barwin^s * Insectivorous Plants/ p. 202. 
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Mwp, 17. — Aug. 3, 1886. J erusalem- Artichoke pitli ; aiixano- 
meter-lever. 


. ob2”fdoL 


P-M. 

* 5.12*5 129 

125 

104 

5.15 104 

5.18 66 

6.19*5 56 


c£SlL ■^...or-gfc^b,- 

P.M. 


5.19’5 2*2 per cent. 

ammonia. 

74 

5.22 71 

5.23*5 66 


Eesult : slight accelerat&n. 

18. — Sept. 7, 1886. Jerusalem- Artichoke pith ; leyer. 


Times of observation. 

Rate of “ growth.” 

Temperature. 

P.M. 


^ 0. 

asi 

... 370 c. c. tap-water. 

18-5 

8.31-5 

172 

j) 


153 


3.32*5 

153 


3.33-6 

138 


3.34 

133 



0*2 c. c. ammonia added 
(=2*4 per cent.). 

3.35 

166 



172 


3.35*5 

166 



149 


3.36 

153 


8.36-5 

138 


3.37 

128 



Eesult : acceleration. 

In the following experiment the effect of ammonia in the form 
of vapour is shown. 

'Exp. 19. — July 31, 1886. Jerusalem- Artichoke pith; with 
auxanometer-lever. 


ob^atil. Kate of “growth.” 

P.M. 

In water. 

4.38 476 

454 

4.40 ............. 384 

Water siphoned out. 
In air. 

344 


Sil Kate of “growth.” 

P.M. 

4.42 0*5 per cent. 

ammonia. 

500 

476 

4.44 500 

384 


It will he seen that the acceleration produced hy ammonia is 
extremely temporary ; and in this its action resemhles that of 
ether and alcohol. 
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Effect of Acids. 

Yarious acids were tried. As a rule, they bad no accelerating 
effect** on growth ; but caused either refcai’dation or actual contrac- 
tion of tlie pitli. ^ 


6. JEffeet of Acetic Acid. 

The lower percentages, yiz. 0*5 per cent, and 1 percent., bad a 
retarding effect. Stronger solutions, Tiz. 1*6 per cent., 3'2 per 
cent., 3T per cent., and 4*4! per cent., produced no effect. When 
the percentage is raised to 5*4 per cent., the pith contracted after 
10 to 20 minutes, and was killed by the treatment. 

EscjJ, 20. — Sept. 9, 1886. Jenisalem-Artichoke pith ; lever. 


Times of observation. 

Bate of “ growtii.’^ 

Temperature. 

A.M. 

°C. 

11.57 

Tap-water in. 

17-5 

11.59-5 

153 


12.0*0 

140 


12.0-5 

121 


12.0-7 

Siphoned out water. 


12.2*5 

Put in 1 per cent. 



acetic acid. 


12.3-5 

28 


12.5*0 

20 


12.7*1 

24 


12.8-5 

25 


12.11 

16 

n 

Eesult: retardation. 

i:xp. 21.— Sept. 9, 1886. 

Jerusalem-Artichoke pith ; leye 

Times of observation. 

Bate of “ growth.” 

Temperature. 

A.M. 


‘"0. 

10.14 

370 c. c- tap-water. 

15-5 

10.16 

200 


10.19 

243 


10.20 

208 

n 

10.22 

161 

n 

10.22*5 

133 

»» 

10.22-5 

1*8 c. c. acetic acid 

16'5 

10.24 

(-5 per cent.). 

72 


10.24*5 

62 


10.25 

, 2*2 c. c. acetic acid added ,, 

10.27 

(1 per cent.). 
39 


10.33 

36 

17 

10.33-O 

. 7*6 c. c. acetic acid added ,, 

10.34-5 

(3-1 per cent.). 
32 


10.S6-2 

25 

, 

10.46-8 

22 

17*0 
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Exp. 21 (continued). 

Times of observation. 

Bate of “growtli.” 

Temperature. 

A.M. 

10-47-5 

... 10 c. c. acetic acid 

o C. % 
17-5 

10.48-5 

(5*6 per cent.). 

39 


10.51-5 

10 


10.57 

... Began to shorten. 


11.0-1 

... —6 (contracts). 

n 

11.9 

... Continues to contract. 

5 . 


Eesult : retardation, then contraction. 


7. Effect of SyirocMorie Acid. 

The percentages employed were 0*4 per cent., 0*5 per cent., 
2 per cent., and 4 per cent. The effect of 0*5 per cent, was 
decided retardation. The same effect was obtained with the other 
percentages, though less markedly. 

Effect of 0*4i per cent. = 100 : 51 
„ 0*5 „ = 100 : 30 

„ 2 „ = 100 : 64 

In none of these cases was any stimulation of growth caused 
by hydrochloric acid ; neither was any contraction apparent with 
these percentages. 

22. — Aiig. 3, 1886. Jerusalem- Artichoke pith ; auxano- 

meter. 


Times of observation. 

Bate of growth.” 

P.M. 


5.9 

243 


222 


222 


Hydrochloric acid added 


(=0-4 per cent.). 

5,10 

114 


129 


129 


Eesult: retardation. 
Escp. 23. — Sept. 9, 1886. 


J erusalem- Artichoke pith ; lever. 


Times of observation. 

P.M. 

3.2 

3.3-5 

3.4 

Bate of “ growth,” 

. . Tap- water put in, 

500 

4m 

357 

Tem^rature. 

18* 

7t 

39 

125 

JJ 

3.9-5 

3.10 

3.12 

3.12-5 

3 14 

Siphoned out water. 

.. '5 per cent, hydrochloric 16*5 
acid put in, 

38 ,5 

40 

3J5 

36 


Eesult -. retardation. 
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8. Effect of Nitric Acid. 

TKe effect of nitric acid was not very evident. Eive experi- 
inents were tried witli this acid. The percentages used were <• 
1 per cent, in three of these experiments, and *8 per cent, andr 
•54 per cent, in the other two. On one occasion 1 per cent, had a 
markedly stimulating effect ; hut this was not confirmed by the 
other two experiments ; for in one of these 1 per cent, caused a 
marked retardation o£ the rate of growth, and in the other it 
caused a sudden contraction, followed immediately by further 
growth ; *8 per cent, had no marked effect ; and *54 per cent, 
caused a distinct retardation. 

100 : 44 r 

100 : 52 
100 : 259 
100 : 44 
Contraction. 

9. Effect of Carlolic Acid. 

The percentages used were 0*5 per cent., 1 per cent., and 3 per 
cent. The two lower percentages did not appear to have any 
effect ; hut 3 per cent, caused a contraction of the pith. In one 
experiment with 3 per cent, carbolic the contraction was very 
rapid ; and the pith, on being freed from the auxanometer, was 
flaccid, and did not recover its turgidity on being placed in 
water. 

Exp. 24. — Sept. Id, 1886. Jerusalem- Artichoke pith; lever. 


of obserYation. 

Bate of “ growth.’* Temperature. 

P.M. 



12.10 

.... Tap-water. 

16-5 

laii 

105 


12.11-5 

105 


12.18 

113 

>> 

12.14 

108 


12.14-2 

95 


12.14-5 

— Siphoned out water. 


12.16 

acid added. 

jj 

12.17 

..... Began to shorten. 
Shortened 1 miUim. 

jj 

12.28 

iSiot flaccid. 



The result is interesting, as showing how rapidly the poison 
takes effect in causing contraction. 
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25.^Sept. 10, 1886. 


Jerusalem-Articlioke pitk; lever. 


Times of observatioH. 

A.M. 

11.60 

11.61 


11.52 

11.53 
11.55 
11.55‘5 

11.57 

11.58 

11.59 
12.1 


Bate of “ growth” 

Tap-water put in. 
166 
153 
181 
192 
181 
200 
161 
147 


Temperature. 

° 0 , 

16 


5J 

5J 


Siphoned out tap-water. „ 

3 per cent, carbolic acid 18 

(aq. sol.) put in. 

—47 (5 millim.) (con- „ 

traction). 

—248 (contraction). „ 

Flaccid. „ 


Eesult : almost mstantaneoiis contraction. 


10. IBffect of SydroGyamo Acid, 


The effect of prussic acid is very striking. It did not produce 
a contraction such as is caused by carbolic acid, and such as might 
have been expected, but either a temporary acceleration (com- 
parable to the effect of alcohol), or else a remarkably steady high 
rate of growth continued for a prolonged period. Weak solutions 
were obtained by diluting the pharmacopoeial preparation, which 
contains 2 per cent, of the acid. 

.Erp, 26.— Aug. 24, 1886. Sunflower-pith ; lever. 


Times of 
obserTation. 


Bate of “ growth.” 


A.M. 

11.48 370 e. c. water. 

11.54 62 

11.56 59 

11.57 54 

11.59 52 

11.59’5 ... Prussic acid, 3 c. c. put 

in, 0-8 per cent. 

12.1 42 

45 

12.2*5 46 

44 

41 

44 

12*6 39 

37 


Times of 
obserTation, 
A.M. 

12.13 


12.15 

12.16-5 

12.18 

12.20 

12.29 

1238*5 

12.52 


Bate of growth,” 


34 

Siphoned out 
solution. 

1*4 per cent, 
prussic acid. 

40 

36 

37 

37 

38 
37 

41 
37 
30 
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27. Aug. 22, 1886, Sunflower-pitli ; lever. 


Times of 
ODBerv£ftion. 

Rate of growth.’’ I 

1 Times of 
observation. 

A.M. 


A.M. 

10.17*5 

370 c. e. cold 

10.45 . 

water. 


10.21-5 

37 

10.48 . 

10 22*3 . . 

37 

10 26 

32 

10.49 . 

10.26-6 

Prussic acid, 



'2 per cent. 


10.28*5 

30 

10.52*2 

10.20-5 

29 

10.30-7 

30 

10.53*1 

10.32-0 

29 


1o!36-5 

Prussic acid 

1 10.55 

10.56*5 

1 c. c. added 


(‘47 per cent.) 

|| 10.57*2 


27 

26 

'1 10.59 

10.37 

Prussic acid 

11.0 

1 c. c. added 

1 U.4 


(1 per cent.). 

' 11.6 


29 

11.7 

10.40 

28 


10.41-5 .... 

28 

28 

j! 11.9 


Rate of ‘‘ growth.” 


33 

33 
36 
36 

34 
38 

38 

39 
42 

35 
39 
38 
45 


42 

42 

38 

34 

32 

33 
28 

Not flaccid. 


Fis?. 5. 



10.15 10.35 10,45 10.55 1L5 

TIME A.M. 


Biagrain showing effects of Prussic Acid. 

It will be seen tha-t before tbe prussic acid was added tbe 
growth was rapidly slowing down, and that the effect of the 
addition was to cause an acceleration continued for half an hour, 
very different in character to that sudden rise caused by alcohol 
and ether. 
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11. Effect of Quinine. 

Dilute aqueous solutions of quinine chloride were used, ranging 
between O' 15 and 0*34 per cent. 

® In two cases 0‘15 per-cent, and 0-2 per-cent, solutions pro- 
duced accelerations of 100 : 110 and 100 : 141. In the majority 
of cases, however, quinine had either no effect, or rapidly caused 
a contraction of the pith. In two cases with 0’3 per cent., in 
one with 0‘34 per cent., and one with 0*15 per cent., no effect was 
produced. In four cases (0*42 per cent., 0*34 per cent., 0*15 
per cent., 0*1 per cent.) contraction was produced. The results 
are therefore of a doubtful character. 

28.— Ang. 26, 1886. 


Times of observation. 

A.M. 

Kate of ‘‘ growth." Temperature. 

C. 

10.40 

Tap-water put in. 

238 

18 

10.48 

217 


10.49 

192 


10.490 

Siphoned out water. 

If 

10.50'2 

tj>uinine *34 per-cent, 
solution put in. 

166 

17*5 

10.52 

las 


10.53*5 

44 

5J 

10.56 

32 


Result : no effect. 

Exp. 29.— Aug. 26, 1886. 

Sunflower-pith j lev 

er. 

• Times of observation. 

A.M. 

Rate of ** growth.*’ Temperature. 

® C, 

11.20 

Tap- water put in. 

263 

263 

18 

11.2.8 

256 

Siphoned out water. 


11.25 

Quinine *34 per-oenl. 
solution. 

18*5 

11.26 

lOS 

!} 

11.2rt'f) 

KR) 

15 

11.27*2 

68 


11.29 

. Began to shorten. 


11-31 

. — 25 (contract! on j . 

Klaccid. 

- 


Result : retardation, followed in a few* minutes by contraction 
and death. 
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Usj). 30. — Aug. 22, 1886. 


Times of 
observjftion. 

Bate of growth.” 

Times of 
observation. 

A.M. 

1L37-5 

I1.8S-5 

11.39 

89 

95 

A.M. 

11.47- 5 . 

11.48- 5 . 

11,42 

113 

111 

117 

11.49-5 . 

11.43 

109 

105 

11.50-5 . 
11.58 . 

11,47 

58 


Sunflower-pitli ; lever method. 

Bate of “ growth.” 


water. 

. . .*42 per cent, quinine solu- 
tion put in. 

Shortened immediately. 
—81 (contracts). 


Stationary. 
Flaccid. ® 


Eesult : immediate contraction and death. 

31. — Sept. 14, 1886. Jerusalem-Artichoke pith ; lever. 


Times of observation. Bate of “ growth.” Temperature. 

P.M. ° C. 

12.34 Water put in. 23 

12.35 270 

12.36 285 

12.36-7 192 

200 

12.38 166 

12.38-5 153 

12.40 125 

12.43-5 84 

12.46-5 Siphoned out water. 23*5 

1 per-cent, quinine 20 

solution. 

Shortened immediately. 

12.47*2 —147 (contracts). „ 

12.49 - 69 


Eesult ; immediate contraction. 


Effect of Plasmolxbis. 

On this point our experiments are incomplete ; and we can do 
no more at present than call attention to what we are inclined to 
think a curious point. Solutions of common salt or of KN are 
shown hy Ee Tries to produce contraction of turgescent tissues ; 
and we naturally expected that they would therefore produce a 
shortening such as would be indicated by an upward movement 
of the long arm of the auxanometer-lever ; but tbis was not the 
case. We have seen that carhoKc acid, quinine, acetic acid, &q. 
produce a contraction strong enough to depress the short arm of 
the lever ; and we cannot explain how it is that the same effect 
is not produced by solutions of salts sufficiently concentrated to 
produce plasmolysis. 



BE. G. KIKa 02? THE GEKirs FICUS. 


27 


SUMMAEY. 

The following are the more important results obtained 

(1) Tnrgescent pith placed in water increases in length, at first 
slowly, then more q^nicklj ; and then again the rate of increase 
becomes slow. 

(2) The rate of increase in length increases as the temperature 
of the water rises, reaches an optimum, and suddenly falls as a 
temperature sufficient to cause flaccidity is approached. 

"(3) The following reagents cause distinct acceleration: — 
Alcohol, ether, ammonia, hydrocyanic acid. The fii'st three 
cause a very temporary effect, whereas prussic acid has a pro- 
longed action. 

* (4) The following reagents produced retardation: — ^ Acetic acid, 
hydrochloric acid, and probably nitric acid. 

(5) Dilute solutions of quinine chloride, and of carbolic 
acid, produce a remarkably rapid shortening of the pith. 


Observations on the Genus Ficus, with special reference to the 
Indo-Malayan and Chinese Species. By G. Xijftj-, M.B., 
LL.D., F.L.S., Superintendent Eoyal Botanic Garden, 
Calcutta. 

[Eead 17th March, 1887.] 

The genus Ficus was founded by Linnaeus, and in the first 
edition of his ‘ Species Plantar um ' he described seven species, 
four of which are Indian. By the time Sprengel’s ‘Systema’ 
appeared (1825 to 1828) the number of species had risen to 118, 
of which 50 were from the Indo-Malayan region. In 1825 
Blume’s ‘ Bijdragen ' was published, and in it there are descrip- 
tions of 93 species of Malayan Pigs, of which 82 were described 
for the first time. Eoxburgh’s ‘ Flora Indiea,’ although com- 
pleted before the author’s death in 1815, was not published until 
1832, and in it 55 Indian species are described. Of these 
species, 41 bore Eoxburgh’s name as their author j but only 
about 15 of them had prenously been undescribed. Although 
Gaertner had given a fairly good description of the achenes of 
F, Garica and F, religiosa, yet between the time of Linnseus 
and that of Eosburgh systematic writers had paid but little 
attention to the structure of the flowers and to the mode of their 
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arrangement on tlie receptacles, the species being foiiiided purely 
on external characters. The remarks of Linnaeus himself on the 
commoM eatable Eig in the ‘ Hortus Cliff ortianus ’ (published in 
1737, the same year as the first edition of his ‘ Genera Plantarum ’) 
show that he had a clearer comprehension of the actual arrange- ^ 
ments of the sexes than most of the writers who succeeded him. 

In the ‘ Hortus Clift'ortianus ’ Linnseus reduces to the same spe- 
cies the Eig, the Caprifig, and Erinosyce — regarding the Caprifig 
as the male, the Eig as the female, and ^Erinosyce as the herma- 
phrodite form of one and the same species. In the first edition 
of the ‘ Species Plantarum,’ Linnssus put the genus Eicm in his 
class Qryptoyamia \ but in the second edition he transferred it to 
Eolygamia Eolywcia^ thus confirming the xiew as to the nature of 
the arrangements of the flowers of the common Eig which he had 
expressed in the ‘ Hortus Cliff ortianus.’ In the second volume of 
his ‘ Enumeratio ’ (1806), Yahl puts Eicus into Triandria Mono^ 
gynia^ thus showing that he not only completely misunderstood 
the sexual arrangements, but that he could never have even 
counted the stamens. In Sprengel’s edition of Linnseus just 
quoted, Ficus is put into a section of MoncBcia called Andro- 
gynia, from the supposition that flowers of each sex are found in 
each receptacle. The character of the genus given by Blame in 
his ^Bijdragen’ shows that he must have adopted YahFs defi- 
nition without examination of the fiiowers ; for, according to 
Blume, as to Yabl, the male flowers of the genus are triandrous. 
Blume mentions that the males have a rudimentary pistil, which, 
as a matter of fact, is the case in only a small number of species. 
Eoxburgh is the first writer who attempts to describe the flowers 
of each species ; and in a note attached to his definition of the 
genus in his ^ Plora Indica ’ he says : — “ I have examined minutely 
the florets of nearly the whole of the species, and found only two 
instances in which they were not androgynous, and by far the 
greater part are monandrous.” He therefore puts Fims into 
Monoscia Monandria. Gasparrini and Miquel w-ere the next 
botanists who appear to have made a careful study of the flowers 
of the genus. In the year 1844s Gasparrini published a remark- 
able paper, in which he divided all the species of Ficm known to 
Mm into eight genera, viz. Ficus proper, Cafrifimm, Temrea (a 
name subsequently changed by himself to Maero^phthalma), JJro- 
stigmm^ Visiania^ Cgstogyiie^ Galoglgchia^ and Covellia. His first 
genus, Ficm proper, contained only one species, namely the 
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common eatable Mg of Southern Europe. His second genus, 
Oaprijicm, contained only the Caprifig^ which, as Liniiceiis had 
maintained more than a hundred years before, and as t!^ most 
recent observations have demonstrated, is only the male of the 
® plant of which the eatable Fig is the female. Gasparrini’s genus 
contained only a single species, the J! pumilci of Linnuens. 
His fourth genus. IJrosiigma^ is tlie only one of his groups which 
has stood the test of experience ; it contained all the species 
known to Gasparrioi of the group as defined in the following 
pages. Into his fifth genus, called Vlsianla, Gasparrini put 
only a single plant, -viz. id elasfica, a species referred by all sub- 
sequent writers to ITrostigma. The sixth genus contained a 
single species, id leucosticta^ a species which I have referred to 
boveUia. GaloglijcMa^ Gasparrini’s seventh genus, consisted of 
two species, which, being American, lie beyond the scope of the 
present paper. To Gasparrini’s eighth genus, Covellia, be 
referred only a single species, of which lie says he had neither 
seen male flowers nor ripe seeds. 

During the same year (1844) in which Gasparrinfs new 
classification was published, Miquel, in the ^ Ann. des Sciences 
Hatureiles,’ serie 3, i. p. 81, w'orking chiefly on some of 
Eoxburgh’s descriptions, suggested that the species described 
in the ‘ Flora Indica ’ of that author ought not to he considered 
as forming a natural homogeneous group, but as divisible into 
very distinct sections ; and in the same paper he proceeds to 
distribute twenty -five of them into the two sections Carica and 
Bycocarpus^ while on one of the species (id hupida^ syn. id oppositi- 
folia) he founds the new genus SgcomorpJw, The basis of Miquefs 
(as of Gasparrini’s) classification was the structure and disposition 
of the flowers. Three years later (L e, in 1847) Miquel began to 
publish, in Hooker’s * London Journal of Botany,’ a monograph 
of all the species of the old genus Ficus, and as the result of his 
extended study of it he established the following genera: — 
Urostigma, including 167 species ; Pliai^macosgcea, including 12 
species; Fogonotroplie, including 16 species; Sy comor us, inclu- 
ding 12 species ; Ficus, including 138 species ; CovelUa, inclu- 
ding 31 species; Bijnmcia, including 2 species. These seven 
genera were formed solely on characters obtained from the 
structure and disposition of the flowers, the number of the 
stamens and the character of the stigma forming prominent 
features in the diagnoses. Some of the characters were founded 
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on undoubted errors of observations, as, for example, when tbe 
female flowers of Oovellia and those of both males and females 
in SpuBcia are described as without perigonium. This arrange- 
ment was subsequently abandoned by its author, and Miquel 
himself, twenty years later (in 1867), published in the Ann. • 
Mus. Lugd.-Bat. voL iii., a rearrangement of Mcus. In this new 
arrangement Miquel abandoned the idea of breaking up the genus 
Meta into genera, and substituted for that scheme one in which 
the reunited genus is subdivided into sis subgeiiera, as follows : — 
Urostigma^ with 143 Old-World, 110 American species, and 21 
of doubtful nativity ; Ma7'maco$gGe^ with 18 species, all American ; 
JErgtlirogyne, with 2 species ; Sgnoeeia, with 8 species ; Uusyce^ 
with 209 species ; GovelUa, with 48 species. In this rearrange- 
ment three of Miquel’s old genera — Urostigma^ ’Pliarmacosyce^ 
and Goeellia — appear, with enlarged and slightly altered cha- 
racters, as subgenera. The name of a fourth old genus, Synoecia, 
is kept up for a suhgenus ; hut the name only, for a totally 
different set of characters are given to the sub genus from those 
which characterized the genus ; whilst two entirely new subgenera, 
viz. JErytJirogyne and "Emyce^ are established. The total number 
of species included in this second enumeration of MiqueTs is 
405 Old-World species, 128 American species, and 22 species of 
doubtful nativity. In this second arrangement of MiqueTs the 
flowers alone are not trusted to entirely for the subgeneric 
characters, but account is also taken of the form and situation of 
the receptacles, of the form of the leaves, and of general habit. 

In the ' G-enera Plantarum ’ of the late Mr. Bentliam and Sir 
J. B. Hooker, four of MiqueTs suhgenera, viz. Wrostigma^ Mmyce^ 
Synoecia, and Covellia^ are admitted. IBharmacosyce (a diandrous 
group of Urostigma-l^Q species) is accepted with doubt, and tbe 
sixth, Mythrogytie, is suppressed. But these eminent botanists 
admit that the sections which they adopt from Miquel are too 
loosely defined, and they commend the whole genus to the 
attention of the monographer. This advice, together with the 
kind personal encouragement of Sir Joseph Hooker, induced me 
to carry through an attempt which I had begun a year or two 
previously to elucidate the structure and affinities of the species 
of Ficm found in the Indo-Malayan region. 

, The flowers of the genus Mcus are collected in a cymose 
manner on a fleshy axis, which, by the curving upwards of its 
circumferential part (or organic base), is converted into a kind 
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of flaskj OH tlie inner surface of tlie walls of wliicli a number of 
flowers are arranged. As the bottom of the interior of the flask 
corresponds to the apex of the axis, tlie flowers deTeloped^tliere 
are the oldest, while those dexeloped nearest the nioiitli (the 
« organic base) are the youngest. These flower-bearing axes are 
called figs, receptacles, or amphantba. They vary in colour, form, 
size, and in the situation which they occupy on the plant. In 
some species of the section JJrostigma the receptacles while 
young are enclosed in calyptriform involucres, which are throwm 
off*ati an early stage of the expansion of the receptacles. These 
hood-like bodies persist longer in id altumna than in any other 
species, but on the whole they are too fugacious to found specific 
characters upon. The hollow receptacle has walls of more or less 
fleshy texture, and its mouth is occupied by rows of bracts, which 
in the majority of cases so interlock as practically to close it. 
The lower of these bracts often bend downwards into the cavity 
of the receptacle, curving round the upper flowers ; the middle 
bracts are more or less horizontal in direction, while those to- 
wards the upper or outer part of the month project therefrom, so 
as to be visible externally and to form a more or less prominent 
apical umbilicus. In a few species the mouth is surrounded 
externally by a more or less clearly defined annulus, formed of 
coalesced bracts. In shape the receptacle varies from spheroidal 
to ovoid, ellipsoid, obovoid, or pyriform. In most species in- 
volucral bracts are found at the base of itj these bracts are 
usually three in number, and are generally distinct from each 
other, but sometimes they are slightly united, so as to form a 
kind of involucral cup. The receptacle in many species is con- 
tracted at its base, and in some this contraction is carried to such 
an extent that a kind of false stalk is formed. This stalk-like 
contraction must not, however, be confounded with the peduncle 
proper, by which, in many species, the receptacle is attached to 
the axis ; and, as a fact, the stalk may invariably be distinguished 
from the peduncle proper by the position of the involucres just 
referred to, which are attached at the apex of the peduncle 
proper, but at the base of the pseudo-stalk. As regards situation, 
receptacles may occur in pairs in the axils of the leaves (e. g. 
Ifrostigma}, or they may be solitary in the same situation from 
the abortion of one of the original pair (e. g. Sgnwcm) ; they 
may also occur in axillary fascicles of three or more. In a large 
number of species (e. g. Weomorphe) the receptacles are borne 
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on tul3ercles (i. e. shortened leafless brancHets) from the larger 
branches or from the stem : while in one set of species {GovelUa) 
the r,^ceptacles are borne on long, subapbylloiis branches, whichj 
proceeding from the stem near its base, either trail along the 
surface of the ground or bury themselves in the soil. In one^ 
very remarkable species (_F. Minaliass(B) the receptacles are col- 
lected in dense capitnla, which in turn are arranged in long 
leafless branches which droop towards, but hardly reach, the 
ground. In a few species (e. g. F. hisjoida) receptacles occur 
both in the axils of the leaves and on stem -tubercles. In slzej 
as in colour, the receptacle varies much, and e.Kcelient speciflc 
characters are derived from these diflerences. 

The flowers, w^hich are mostly unisexual, are situated on the 
inner wails of the receptacle; they may be either sessile or 
pedicellate. In some species they are separated from each other 
by scales or bracteoles, and in others by hairs, both of which 
appendages appear to he analogous to the ^palem that are found 
on the receptacles of many Compositse. In other species the 
flowers lie close together, unseparated by any intervening 
appendages. Eive kinds of flowers are found in the genus, yiz. 
male, pseudo-hermaphrodite, neuter, fertile female, and gall 
flowers. The structure of each of these is very simple. The 
male flowers consist of a perianth of from 3 to 5 pieces, wliich> 
although sometimes united, are usually free. The perianth 
sometimes hardly covers the stamen or stamens ; in other cases 
it is large, inflated, and completely envelops the stamen. In 
some species the pieces of the perianth are tbin and colourless 
and not unfrequently hyaline; in others they are of a red or 
dark-brown colour and opaque. In quite haH the Indo-Malayan 
species there is only a single stamen ; in very many there are 
only two ; while in only a few are there so many as three. In. 
shape the anthers are for the most part ovate or elliptic, although 
some are very broad and almost rotund ; they are always 2-celled 
and have sutural dehiscence- Some are sessile or nearly so, and 
in very few is the filament long. The attachment of the anther 
to the filament is innate in most species ; in a few, however, it is 
adnate. In the species with two stamens the filaments are often 
united for the whole or part of their length, leaving the anthers, 
however, free. 

Pseudo-hermaphrodite flowers occur in only a few species. 
Such flowers have a perianth like the ordinary male flower, but 
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aloiig witli tlie single stamen there is present in them a pistil 
with completelj formed stjle and ovary. I bave, however^ 
never found one of these ovaries to form a fruit containing a 
seed, but I have not unfrequentlj found one to contain an insect 
puj3a. 

I^euter flowers are found only in tlie few species forming tiie 
section Si/nmcia, They are long-pedicellate and have a S-leaved 
perianth, without any trace of either anther or pistil. 

Tertile female flowers have a perianth not very dilTerent from 
that of the males, but consisting in many eases of more pieces, 
and being more often gamophy lions, in the case where the 
pieces of the perianth are free, tlie individual pieces ai’e some- 
times rather easily detached, and are very apt to be confounded 
yfttli the bracteoies of the receptacles in species where the latter 
exist. The perianth is usually much smaller than the mature 
achene, and covers the latter very incompletely or not at all. 
In some cases where the perianth is gamophyllous it forms a 
small cup, wdiich surrounds only the base of the ovary or its 
pedicel. It was in some such cases, where the perianth is hya- 
line, that Miquel was led to believe that none existed ; and hence 
his statement about the perianth being absent in OovelUa. The 
pistil may be sessile, but it is very often pedicellate ; the ovary is 
more or less ovoid or obovoid, with a tendency to be einarginate 
on the side at w’hich the style is attached ; it contains a single 
pendulous ovule. The style is filiform, and is in most eases 
distinctly lateral or subterminal ; it rarely springs from the apex 
of the ovary. In length the style usually greatl}^ exceeds the 
ovary; it is usually smooth, but in a few species it is hairy. 
The stigma, which is papillose, varies in shape, being cylindricj 
elavate, capitate, peltate, or inf undibuliform ; and in a few cases 
it is flat. In mauy species it is obliquely truncate, and in not a 
few bicTural, It is, however, often very difficult to determine the 
exact form of the stigma, from the fact that at an early stage the 
stigmas of all the fertile female flowers of the same receptacle are 
joined together in a dense felted mass, from which it is nearly 
impossible to detach any individual in a state of entirety. After 
fertilization the ovary becomes developed into an achene, which 
tends to be unilaterally emargiuate (many aehenes are very 
distinctly reniform), and the style becomes more lateral, or even 
basal The ripe achene has a crustaceous pericarp of a pale 
yellow colour and with a moi'e or less minutely tnberculate or 
JOUEH. — BOTAJHJ, TOB, XXIT. B 
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undulate surface. External to the erustaceous coat tliere is 
occasionally a glairy or viscid layer. The pericarp is never very 
thickjfc and sometimes it is conspicuously thin. On cutting the 
seed open the embryo is seen Avith a small amount of albumen ; 

I have not, however, paid much attention to the relation of the ® 
albumen to the embryo. Not a few of the perfect female flowers 
fail to he fertilized ; hut the fact of the barrenness of such is not 
recognizable until tbe achene has been cut open, and it is found 
to contain no embryo. Externally these barren achenes exactly 
resemble those containing seeds. ® 

Besides the above four kinds of flowers, there occur in all the 
species of Mcics which I have examined a set of flowers which, 
adopting the name given to them by Count Solms-Laubach, I call 
ya/l-flowers. My own name for these was originally insect- 
aitacke cl females ; hut Count Solms-Laubach’s name being much 
shorter and more suitable, I have adopted it. The existence of 
these gall-flowers iu this genus, as a separate and distinct kind 
of flow^er, was first made publicly known by the distinguished 
botanist just mentioned in tbe ‘Botaniscbe Zeitung/ Nos. 33-36 
for 1885. My own observations and inquiries on Ficus have been 
in progress since 1878 ; but on account of my imwiilingness to 
j)ubiish anything until I had completed niy research, I have been 
anticipated in the publication of the facts about gall-flowers. The 
gaU-flowers in many respects resemble the fertile female flowers ; 
they have in most cases a similar perianth, an ovary, and a style. 
"When fully developed, they are recognized at a glance by their 
coutainiug the pupa of an insect, which can often be seen through 
the pericarp of the false achene into which the ovary develops. 
But wkether the pupa be visible or ijot, or whether it be present 
or not, the false achene of the gall-flower may in its later stages 
be distinguished from the true achene of the fertilized ovary of 
the perfect or fertile female flower by being more often pedicellate, 
and by its shape being usually globular and rarely elliptic or 
reniform; by its surface being smooth, not minutely tubercular 
or undulate, and never viscid or glairy ; and frequently also by 
the tense distended appearance of its tough membranous wail 
(false pericarp). The style is, as a rule, much shorter and 
straighter than the style of the fertile female, and more terminal, 
and it has very frequently a dilated tubular apex which occupies 
the situation of the true stigma, but lias often little or none of 
the viscid parenchyma characteristic of that organ. These pecu- 
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liarities iu tlie nature of the stigma and the shortness of the style 
are apparent iu the gall-flowers of manr species from a Terj 
early stage. There are, however, luauy species of Ficus fmore 
espeeiallv in the group Frostlgma) ^ iu which the gall aud fertile 
*iemale flowers are not characterized hy any marked diilereaces 
in the form of style aud stigma, and it it only by cutting the 
ovaries open that the two can he distinguished. 

Xow there is probably nothing iu itself veiy remarkable in 
the mere occurrence in the genus of numerous flowers having 
the general form of females, which yet, by reason of certain 
peculiarities in tbeir structure, are incapable of fertilization by 
pollen and are practically barren, while at the same time their 
ver}' structural defects fit them for becoming the nidus for the 
larvie of special insects. But when the maimer in which these 
malformed iernale flowers are disposed in the receptacles is in- 
quired into, it becomes clear that through the interposition of 
insects these malformed females may play a most important part 
ill the life-histoiy of many species of the genus. In all the 
species, except those included in the section Z^rostigma, the gall- 
flowers occupy the same receptacles as the males, while the fertile 
female flowers occupy different reee2)tacies. In other words, the 
majority of the species have two distinct sets of receptacles — one 
set containing male and gall-flowers, hut no fertile female flowers; 
and another set containing only fertile female flowers without 
any trace of either male or gall-flowers. The proportion of males 
to gali-fiowexs in receptacles of the former kind varies. In all 
(excepting the Frost igmas just mentioned) it is the rule to find 
the males confined to a zone of greater or less width at the apex 
of the receptacle just under the scales which close its mouth. 
Sometimes this zone is very nafrow indeed, and consists ot only 
a single row of male flowers^ and that row not always a complete 
one, the remaining part of the interior of the receptacle being 
occupied by gall-flowers. In by far the majority^ of cases these 
two kinds of receptacles, so physiologically distinct, are undis- 
tinguishable hy external characters, and they are both borne by 
the same individual plant. They look exactly alike until one cuts 
them open and examines their contents; The most notorious of 
the few exceptions to this rule is the common eatable Mg {Fieus 
Carica)^ in wdiich species the male and gall-flow'ers occupy glo- 
bular receptacles borne in one set of individual trees, W''hile the 
fertile female fiow’^ers occupy more or less elongated receptacles 

B 2 
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wliiclb are Tborne by a different set of trees. So different in 
appearance are tlie two kinds of recei)taeles in .F. tliat tlic 

ti’ces '"'b earing them (although they have similer heaves) liave 
almost from time immemorial boon considered distinct spoeies, 
known by distinct names— the former being called the Caprilig, ® 
the latter the Fig. A vague idea of sexual relationship had indeed 
prevailed even from the time of Aristotle, and on this idea was 
founded the practice of caprifieation. Liniimus indeed, in his 
^ Ilortns Cliffortianus,’ boldly declared that the Caprilig and Eig 
were merely male and female of the same species. Linnmus knew 
that the Caprifig was practically a male, for he says the male 
Eig (Caprifig) is formed of male florets and of female florets, 
and of those tlie females are sterile ; the I'emalo (Eig) is composed 
of female florets only. Eut botanists subsequent to Liumeus 
regarded the Caprifig and Eig as distinct species ; this was 
Miquel’s view, even in his latest rearrangement of the genus ; 
and Gasparrini, as we have seen, formed Capriflms and Ficus 
each into a monospecific genus. Another favourite opinion has 
also been that the two forms are races of one plant, the Caprilig 
being the wild race and the Eig the race which has been produced 
by cultivation. This was the view which Count Solms-Laubach 
maintained and defended wdth much skill in a paper published 
so lately as 1882 The chief support of this view is really the 
fact that amongst the gall-flowers of the Caprifig there are occa- 
sionally developed perfect female flowers which become fertilized 
and yield seed. Thus Gasparrini states that, by carefully exam- 
ining the contents of forty receptacles of Caprilig, he succeeded 
in obtaining from them twenty acbenes with perfect seeds. 
The view wdiich Count Bolms-Lauhacli at first adhered to was 
combated by Eritz Miiller, who maintained the opinion of Liii- 
nmus that the two are but the male and female ])lants of one and 
the same species. Bo impressed was Bolms-Laubach by Muller’s 
arguments, that he undertook a journey to Java in order to be 
able to examine the fresh receptacles of other species with the 
view of discovering what the disposition of the flowers in these 
might be. The results he found to be confirinatory of Muller’s 
theory and contradictory of bis own, and, with a magnanimous 

* “ Die Herlimft, domestication nnd Yerbreitung cles gewolmlichen Pei- 
genbaums (Ficus Carica, L.).” Yon Grafen zu Solms-Laubach. (Aiis dem 
aclitundzwanzigsten Bancle der Abhandiungen der Koniglichen Geselkchaft 
der Wissensebaften zu Gottingen, 1882.) 
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candour, wliicli is unfortunately too uncommon, he publicly ab- 
jured his own theory and adopted that of his critic. It was 
during this investigation that Count Solms-Laubach discoiirered 
the true nature of the gall-flowers. 

* M Carica is not an Indo-Malayan species, but I have referred 
to it at such length not only on account of the interest that 
attends the final settlement of a long-pending controversy, but 
because this species illustrates in an extreme form the arrange- 
ments which obtain in a large proportion of the species of the 
genus. Count Solms-Lanbach went to Java expecting that the 
dimorphism in the receptacles respectively containing the male 
and female flowers which obtains in Mcus Carica would be found 
tojbe characteristic of other species; and all through Ms in- 
teresting and remarkable paper in the ‘Botanische Zeitungf to 
which I have already referred, the influence of this expectation 
is traceable. As a matter of fact, however, dimorphism in the 
male and female receptacles is the exception, and in hardly any 
other case is it so strongly marked as in M Carica. 

In the majority of the gall-flowers the pupa of an insect is 
present, and this pupa can usually be seen through the coats of 
the ovary. The pupa, when perfected, escapes into the cavity of 
the receptacle by cutting its way through, or by bursting these 
coats, and fully developed winged insects are often to be found 
in considerable numbers in the cavity of the Big, the opening by 
wbicb each escaped from the ovary in which it was developed being 
cleaidy visible. The pupa of the insect must become encysted 
in the ovary of the gall-flower at a very early period ; for about 
the time at which the imago is escaping from the ovary the pol- 
len of the anthers of the male flowers is only beginning to be 
shed. It is quite clear therefore that the synchronism of the 
two events — the escape of the insect and the maturity of the 
pollen — is an arrangement of some physiological significance. 
In the species of Mens in which the arrangement just described 
obtains (and these are by far the majority), the perfect female 
flowers are contained in receptacles which are consecrated to 
themselves alone. In these receptacles the flowers are all perfect 
females; there is not a trace of a male or of a gall-flower. 
These receptacles in many species are perfectly closed from a 
very early stage, and yet, in the majority of cases, every one of 
the ovaries of the females they enclose contains, when mature, 
a perfect seed. The exact way in which these females are fertilized 
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is a matter on wliieh I cannot pretend at present to throw any 
light; I shall only state the problem. The males arc sluit up 
from^an early ago witli a number of femalcR, the stnietiiro of 
whose organa is iinfavourablo to pollen izat ion. No pollen m 
prodiicotl by tlie males that are shut up with tliesc ieinalcs until 
all possibility of their becoming fertile with pollen has been pre- 
cluded by the eiieystmont within each of their ovarial caTitics of 
the pupa of an insect. On the other hand, a number of perfectly 
formed females, all well ada^jted for tlie receftlon of pollen, are 
shut up together in a receptacle which contains neither male Tior 
gall-flowers, ancl to which it is from a very early stage impossible 
for pollen-bearing insects to get access. Tot each of the females 
situated in such a])parontly disadvaiutageous circumstances bears 
a well-formed embryo, which develops into a perfect seed. 

This arrangement, by which the receptacles , are practically 
dimeions, obtains, as I have said, in a large proportion of 
the species of Meus. There is, however, a group of species 
(llrofitifpna) in which it does not obtain, and in which male, 
fertile iemale, and gall-flowers are contained in the same I'ocep- 
tacle, In this group the difference in structure in the caidy 
stages between gall and fertile female flowers is very slight, and 
in some cases I could And no difference whatever. And even 
the ripe aehenes of the fertile females are in many cases undis- 
tinguishable externally from the ovaries containing far advanced 
piipm, and it is only by cutting them open that they can he 
recognized. As regards the relation in this group of UrosUgma 
of the male flowers to the fertile female and gall“flo*wers, there 
are two types of arrangoiiiont. In one set of species (of which 
F, lengaJends and F. iomeniom arc good examples) the male 
flowers are coraparativtdy few in number, and are confined to a 
zone at the apex of the receptacle, just uruhu:* tlie ostiolar scales ; 
while in another set the male flowers are iutorinixed with the 
fertile female and gall-flowers over tho whole surface of the 
interior of the receptacle. 

A third Binall group {Sgnceeia) has neuter flowers mixed with 
the fertile females in one set of receptacles ; while the other set 
of receptacles contain only male and gall-flowers. A fourth 
group (for which I propose the name Fal(Bomorp'he) has male 
flowers which, in addition to an anther, contain an insect-attacked 
or gall-pistil. These pseudo-hermaphrodite flowers are confined 
to the suhostiolar zone, the remainder of the receptacle being 
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occupied hj gall-flowers; while perfect female flowers occur ia 
a distinct set of receptacles aad are unaccompanied by any trace 
of male or gall-iiowers. » 

It appears to me that, in the peculiarities in the structure and 
•arrangement of the flowers which I have above described, the 
evolutionary history of the genus Ficm may to some extent be 
traced. I would therefore venture to arrange the Indo-Malayan 
species into two great groups, and to divide the second of these 
great groups into three subgroups, accoz’ding to their presumed 
seniority. Eelieving that hermaphroditism is an archaic and 
primitive condition from which the genus ia in process of delivery, 
I look on its persistence, even in an imperfect form, as an 
indication of age. I would therefore separate the ten species 
ill which I find it regularly to occur into a distinct group. Of 
this group pseudo-hermaphroditism is the diagnostic mark ; and 
to the section which these ten species form I would give the 
name I^alceomorjplie. It is true that in the wdiole of these ten 
species the pseudo-hermaphrodite flowers are confined to the 
same receptacles as the gall- lloivers, while the perfect females are 
confined to a distinct set of receptacles in which there is no 
trace of either males or galls, and that the receptacles are thus 
practically dioecious. Still it appears to me that the persistence 
of the rudimentary female organ in the male flowers must be 
taken as indicating a more primitive condition than the end osux-e 
in the same receptacle of strictly unisexual male and female 
flow^ers (the arraugemeut obtaining ia Urostif/ma)r These teii 
species being disposed of in a group by themselves, I would form 
the remaining species of Indo-Malayan Metis into a group 
characterized by unisexual flowers. And that group I would 
divide into thzw subgroups, according as the receptacles are 
inonmcious, pseudo-monoecious, or practically dioecious, the 
practically dioecious subgroup being again subdivided into 
sections which are founded on the number of the stamens and 
the situation of the receptacles. Tor five of the seven sections 
into which I would thus throw the Indo-Malayau species I have 
adopted as sectional designations words previousl in use as 
sectional or subgeneric names. Tor the first section, as already 
stated, I have invented a new name, which indicates what I 
believe to be its position in the evolution of the genus, and for 
the seventh 1 have also invented a new name, indicating its 
newness in point of evolution. The arrangement is as follows ; — ; 
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&E01jP I. — Pseudo-liermaplirodite; male flowers 
witli 1 stamen and a rudimentary pistil. 
Pseudo-liermaphrodito ilowers and gall- flowers 
ill one setof receptaedes; fertile female flowers 
in a;notl)cr set ^almomorphe. 

G-EOIIP II. — IJnisexiial or asexual ; male flowers 
witliout rudimentary pistils, 

Seotioit I. — Male, gall, and* fertile female 

flowers on the same receptacle Urostigma. 

Section II. — Plow^ers unisexual or neuter; 
male and gall- flowers on one set of 
receptacles, fertile female and neuter 

flowers in another set Sgnmeia. ^ 

Secttok III. — Flowers unisexual ; male and 
gall-flowers in one set of receptacles, fertile 
female flowers only in another set. 

A. — Jdowers monandrous : 


a. Eeeeptacles chiefly axillary Sgaidium. 

(5. Eeeeptacles mostly in fascicles from 

stem and branches Covellia. 

B. — blowers di-, rarely triandrous : 

a. Eeeeptacles mostly axillary Emgce. 

(i. Eeeeptacles mostly in fascicles from 

stem and branches N'eomo^phe, 


These seven sections are not all equally natural. The most 
natural of thorn are Urostigma and Bynmcia, The coincidence 
in Urostigma of such apparently uncouneeted cliaracters as the 
monmeious condition of the axillary paired receptacles and the 
epipliytal habit is very remarhable. In no other section is tlie 
tendency to he epiphytal at all strongly marked ; in Urostigma 
it is universal. Many species in other sections arc scandeut and 
support themselves on trees and rocks by tlirowing out rootlets 
from their stems and branches. But these rootlets are furnished 
with fibriil© and collecting-hairs like the roots that penetrate 
the soil, and are very different in appearance from the strong 
subdivisions of the main axis by which the epiphyte embraces, 
and ultimately strangles the tree to which it attaches itself. The 
name Urostigma was originally devised by Grasparriiii ; it is the 
only one of his genera the characters of which pretty nearly 
agree with those of any of my sections. 
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The few species which form the section Synoecia are climbers 
with remarkably large and handsome receptacles. The charac- 
teristic neuter flowers in all respects resemble the male flot^ers, 
except that they have no anther. In one species {F^ afiocarpa) 
the neuter flowers are absent. The affinities of that species are, 
however, so clearly with the others in the section Synoscia, that 
I include it without hesitation, believing it to form a connecting 
link with the more markedly dioecious sections. The name 
Syncecia is adopted from Miquel, and the characters of bis sub- 
genus of that name are nearly those of this section. The section 
Sycidnwi comprehends a number of species with comparatively 
small receptacles and rather harsh or scahrid leaves ; it forms on 
th^ whole a pretty natural section. At the end of it I would 
put, as a matter of convenience, a few species which belong to 
different types from the main body. The species brought to- 
gether in my Sycidium are for the most pai't the same as those 
which Miquel (who made it a section of his Eusyce) included in 
his Sycidium. Govellia is a natural section, including two 
types — one with a tendency to axillary, the other with a tendency 
to hj^pogeal inflorescence. The name Govellia was originally 
given by Gasparriiii as a generic one to a species of the former 
type. Eusyce is the most artificial of the sections, and the one 
with which I am the least satisfied ; the name was originally 
given to characterize a siihgenus which Miquel founded on 
rather vague characters. There are several types under the 
section which, by further study, may be satisfactorily separated 
into distinct sections. JSfeomorphe is a small and natural section, 
consisting of species with large receptacles borne on the stem 
or larger branches. It includes plants which would have gone 
into Gasparrini’s genera Sycomorus and Gystoyyne. In it 
there is included one species {E, glo7)ieraia) which, although its 
affinities are clearly with the other species included in this 
section, has monoecious receptacles, as in Urostigma. 

To complete this brief account of the morphology of the genus 
it is necessary to refer to the remaining organs. The leaves of 
Eicm are for the most part alternate ; but in a few species they 
are opposite. They have a characteristic of which it is not 
easy to give an account in words, although it affords ready help 
both in the field and in the herbarium, when one has become 
familiar with it, Stipules are universally present, although in 
some cases they are very fugacious. There are three distinct 
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kinrls of so-called “ stipules ” iu tho genus. Tho most truly 
stipular of these appeiidngoa are those whicdi occur in pairs at 
the r, origin of tho leaves from tho a>:is (ono on ojicli side). 
Examples of this kind are found in many of llie scandent 
speciitxs, as for cxaauphi :in Jil la^iocari^cf'^ and in many of tho* 
receptacle-bearing bratiches in Covellla. The second kind of 
stipule (the so-callcd ‘‘ intrapetiolar ”) is really a kind of leaf- 
scale occurring only in species with alternate loaves, which, 
completely embracing the leaf-bearing axis at its base, coTors tho 
young leaf and falls off as the latter becomes developed. This 
kind of stipule attains its highest development in the familiar 

elasliea, and in that species it ])ea'sisbs fm' an unusually long 
period. Stipules of the third kind are raredy seen, in herbarium 
specimens ; they are la'ally leaf-scales, which are present in 
considerable numbers as coverings to the leaf-lmds in tho truly 
deciduous species (e. g. Id in feel aria and II TJalcela), as well as 
in those wliieh, although not deciduous, make their growth only 
during clearly defined periods (e. g. Id hracteata), 

Tho whole of tho Indo-Malayan species of which I have seen 
living specimens contain milky juice except Id huGcmtaiom^aj and 
in that species the jiiieo is of a pale buff colour. 

Having regard to the foregoing observations, I venture to 
propose the following amended character for the genus : — 

Ercus, Linn. 

Floivers unisexual (stamiiriferous, pistilifexous, or gall), or 
pseudo-hermaphrodite, rarely asexual ; collected iu various ways 
on more ot' less globose ovoid or })yriform concave receptaedes 
whicdi are (dosed at tho apex by numerous hraeioolos. Male, 
gall, and fertile female flowers (a)lleettMl on the sanu^ re(‘epta(de ; 
or males and galls (ui a disl.imd; set of r(..^e(‘pta,el(\s, fc.u’tile Icmales 
and iieuterB on another set; or nuilcjs ami galls on (:uk 3 set of 
reccjptacles and fertile females on a distinct set ; flowers often 
mixed with bracteoles or hairs. Male flowers with 1, 2, or rarely 
3 exserted or included ovate or oblong stamens without rudimen- 
tary pistil (except in Falceomorphe), the perianth of 2 to 6 
distinct pieces, or gamophyllous and 2- to 6-partite, or absent. 
Fertile female flowers with a single pistil and without rudimentary 
stamens, the ovary 1-celled with 1 pendulous ovule, the stylo 
more or less lateral, longer than the ovary and surmounted by 
the clavate cylindric peltate or bifid stigma, the perianth of 2 to 
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G distinct pieces, or gamopliyllous, 2- to G-partifce, or absent ; 
aclienes more or less obovoid or reniform, rarely globular, -witli a 
minutelj tubercnlate or inidnlate liard pericarp, often wiih a 
glairy or mucilaginoiis outer coat ; the seed pendulous, T\dtli small 
c-lbiimen, the embryo more or less curred. Gall-flowers similar 
to the fertile females, but not containing embryos, and often 
occupied by the pupa of an Hemipterous insect ; the oyary oYoid 
or globular, its pericarp thin and membranous, or thick, brittle, 
and crustaceous ; the style shorter tban in the fertile female, 
often dilated above into a more or less trumpet-shaped false 
stigma. Neuter flowers (occurring only in the section Si/noeeia) 
pedicellate, with perianth like the males, asexual. 

Trees or shrubs with milky juice ; leaves alternate, rarely 
opposite, stipulate, entire, serrate, dentate, or lobed, smooth, 
hairy, or scabrid; the leaf-buds sometimes covered by deciduous 
leaf- scales. Heceptaeles usually homo- rarely di-raorphous, 
closed at the mouth by numerous scales arranged in rows, the 
uppermost of wdiich often partly project externally and form an 
umbilicus ; the base rounded or narrowed and usually subtended 
by three bracts, sessile or pedunculate, in pairs in the axils of the 
leaves or of the scars of fallen leaves, solitary by abortion, or in 
fascicles from tubercles (shortened branchlets) from the main 
branches or stem, or on long subaphyllous branches proceeding 
from the stem near its base. 

My observations have been made almost exclusively on Inclo- 
Malayan and Cbinese species ; and in my forthcoming monograph 
of these species I have arranged them in sections of which the 
following are the characters : — 

I. JBalcBomorjphe-' — Male flowers with 1 stamen and a rudi- 
mentary pistil occuj}ying the same receptacles as the gall-flowers ; 
fertile female flowers alone iu another set of I'eceptacles ; perianth 
of fertile females usually gamophyllous (of separate pieces in 
Ngihhosa and F, Decaisueand ) , — Small trees, erect or subseandent 
shrubs. 

II. Urostlgma. — Male, fertile female, and gall-flowers in the 
same receptacle ; stamen 1 (stamens 2 in N callosa and N. vascu- 
losa); stigma elongate, usually acute. — Usually trees or powerful 
climbers ; epiphytal at least in early life ; leaves alternate, entire, 
coriaceous or subcoriaceous, rarely membranous ; receptacles in 
the axils of the leaves or of the scars of fallen leaves, tribracteate 
at the base (except in -F. Nurzii, F. nervosa, and F. jpubinervis). 
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III. Spiwc la. --Ylowexfi iniiscxual or iieiiiicr ; male flowers 

witli 1 stamen; male ancl gall-flowers iji one set of receptacles, 
fertSe female and neuter flowers in anotlior st^t (neuters abseuit 
ill F, apfocarjxi ): — Oliinbcrs with large coloured roc(3ptaclcs ; tlio 
leav('S tcsBellate beneath. * 

IV. — Flowers nnisexnnl ; male and gall-flowers in 
Olio set of rcccjitaclcs ; fertile female flowers in a distinct sot of 
receptacles ; male flowers with 1 stamen (stamens sometimes 2 in 
M copiosa and F. Gi(>spid(ita ), — Shrubs, small trees, or climbers ; 
rarely epiphytal ; leaves alternate ; receptacles small, axillary, 
more or less scabrid (a few have receptacles in flxscicles from the 
stem). 

V. Oovellia, — Flowcx's nnisexiial ; male flowers in the Bmno 
receptacles as the gali-flowers, monandrons, the perianth of 3 or 
4i distinct pieces ; female flowers in separate receptacles from the 
males and galls, pedunculate or sessile, the perianth gamophyllous, 
much shorter tlian the ovary, or wanting (rarely consisting of 
4 or 5 pieces).— -Shrubs or trees, never epiphytes or climbers ; 
receptacles on long subaphylloiis branches issuing from near the 
base of the stem, often subhypoga'al ; or on shortened braiichlets 
(tubercles) from the stem and larger branches ; or axillary. 

VI. Fusyce, — Flow^ers unisexual, male and gall -flowers in one 
set of receptacles, fertile female flowers in a distinct set of recep- 
tacles (except in F. Thivaitesii) male flowers wdth 2 stamens.— 
Scanclent or erect shrubs or small trees, rarely epi])hytal ; leaves 
alternate, softly hairy or glabrous, not scabrid or hispid; recep- 
tacles usually small, axillary. (There are 3 stamens in, F. hevk 
and F, nemoralls and only 1 in F. lepidom and sGmetim(3S also in 
F. hirta,) 

VII. Neomorplic. — Flowers nnisexnal; male and galhflowers 
in one set of receptacles ; fertile female flowtuvs in a distinct set 
of receptacles ; male flowers with 2 stamens, the perianth iiriiaiod, 
of 3 or 4 meinbranous pieces ; fertile female flow ors smaller than 
the male or gall-ilowers. — Trees rarely acandent, never epiphytal ; 
receptacles often very large, in fascicles from tubercles on the 
trunk and larger branches. 
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Disease of Oolocasia in Jamaica. Bj GtEoege Massee, Esq. 
Communicated, with an Introductory Note, by D. Mobeis, 
M.A., E.L.S., Assistant Director Eoyal G-ardens, Kew. 

[Eead 3rd March, 1 887.] 

(Plate I.) 

Inteodijctoex Eemaeks oix THE Disease of Colocasia 
IN Jamaica. 

*What are known as ‘‘Cocoes^’ and Tayas” in Jamaica, 
“Tanias” in Trinidad, “Tanniers” and “ Eddoes ” in Bar- 
baiioes, form an important element in the food of "West- Indian 
negroes. The different varieties under cultivation in the West 
Indies are probably referable to Colocasia esculenta, Schott. 

The genus Colocasia belongs to the natural order Aroideae, and 
the portions of the plants utilized as food are the stems and 
shoots from the- main stem. These afford, when boiled or roasted, 
a wholesome and nourishing food, preferred by negroes even to 
yams and sweet-potato. “ Cocoes ” are easily cultivated by 
cuttings from the main stem wdiich, with the terminal bud, are 
commonly called the “ head.” They begin to yield in about nine 
months after planting, and will continue to produce crop for 
about three years, when the cultivation ife either renewed or more 
likely removed to a fresh locality. 

This much, by way of introduction, may usefully explain the 
value and importance of the following notes prepared by Mr. 
Massee on a disease which has appeared amongst “ Cocoes ” in 
the neighbourhood of Priestman’s river, Parish of Portland, 
Jamaica. 

The effects of the destruction of such a food-crop amongst the 
negroes of Jamaica wmuld he almost comparable to the loss of 
the potato-crop amongst the peasantry of Ireland. Strange to 
say, the disease amongst these tropical “ Cocoes ” is caused by a 
member of the same genus as the well-known and destructive 
potato-fungus ; and, as it has been found to be a new species, 
it is named by Mr. Massee Feromspora trichotoma. 

Although, so far, the disease has only appeared in one locality 
in Jamaica, it is obviously most important to restrict it as much 
as possible to that locality. 
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liemedial measiii‘cs of a piTictical cliaracter require to be 
adopted, aud tliose liave been recoiuiueDded to the (TOYcriiiueiit 
of .Jamaica*, by ivlioni the specimens examined by Mr. MaisHCo 
were sent to Kow for Keport ; but, after all, remedial measures 
alone caiuiot be dep)cudcd iip)ou to eradicate a disease of this 
cliaracter. Experience has shown that the disease must, in the 
first place, be restricted within the narrowest possible limits ; 
aud, ill the second place, all badly affected plants should be 
wholly destroyed. I). Moiutis. 


Eepoiit on the Disease of Cocoes ” (Colocasia) 

IN Jamaica. c 

The disease is duo to the q)reseiice of a fungus helongiiig to 
the genus l^eronosjjora, 

. In the incipient stage, a “tuber” or “bead” presents, on 
transverse section, a number of minute bright yellow spots 
scattered over its substance, which, at a later period, become 
brown or blackish, and the intermediate portion tinged brown ; 
eventually the whole tuber, with tlio exception of a periplieral 
portion about two lines wide, becomes blackish and decayed, 
but, so far as we are able to judge from the specimens submitted, 
remains comparatively dry, and not putrid as in the potato 
disease, due to the attacks of a fungus belonging to the same 
genus. 

The yellow spots correspond to the vascular biuidlos, which 
arc always attacked first, the mycelium spreading throiigdi the 
entire substance of the tuber along the cavities of the tracheids, 
from which it passes to the adjoining parenchyma. The colour 
is due to the disintegration of cellulose; and the tracheids are 
frequenfly ru])tiircd at an early stage owing to excessive develop- 
ment of hypluD within them. 

The two forms of reproductive bodies, , conidia and resting- 
spores, were met with : the first are only produced on hyplue 
exposed to the air, or in internal cavities ; the latter on threads 
in the substance of the tuber. 

The disease is stated to be confined to the tubers, or at all 
events to show itself there first, aud in all the specimens seen it 
is perfectly certain that an entrance has been effected at a point 
where the skin had been broken — in one example, where an oil- 
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set bad been broken off; in another tbrongb a wound made by 
some instrument. 

We fully believe that tbe fungus could not penetrate tbe thick 
periderm, as is proved by tbe bypbas not being able to penetrate 
it from tbe inside ; and furtber, if tubers with an unbroken skin 
could be used for propagation, tlie disease would speedily be 
eradicated. 

As this method is not practicable, tbe tubers, after being cut 
or broken, should remain in a dry place for some time before 
planting, to allow periderm to develop over tbe injured portions ; 
or tbe wounds might be coated with some substance to prevent 
tbe entrance of the parasite. 



Vertical section through a diseased “head'’ of Colacasia, nat. size. The black 
portion is diseased, the parasite having effected an entrance through the 
broken surface at A. The hyphas are penetrating the offset B along the 
vascular bundles, represented by the dark lines. 
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The oilwots of (Tmciuscd tulu‘r«, cTon vvlien very young, contain 
the fiingiiB in their tissues, winch are reached by way of the 
trailieidH onteriiig from the parent tubei*. 


2 . 



Itnaioti old'-ratiMVorBo KccI ion of head in the early stago of diBeaso; tho spotn 
corrcBpond to va-Bcidar bundles, the hypliO} having discoloured the walls oi’ 
tli6 trachoids. 

All diseased plants should be burnt, and not buried or iisodfoi" 
feeding animals, as the resting-apores possess great powder of 
yitality, and possibly might resist both latter methods of supposed 
destruction. 

Pjeronospoka tuigiiotoma, 3Iassee (Piute I. fig. 1) ; mycolii 
tubi crassi, baustoria vcsiculiforinia, clarafca. Stipifcos conicliferi, 
faseiculati, 2“3“ies trichotomi. Conidia parra, obovoidoa, siib- 
globosa, 12 X 10 ft. Oosporamm episporium fuscum, cristia con- 
iiexis subregulariter reticulalum, 35“ 10 ft. 

Ooividiophores resembling a delicate wlvito bloom on tbo sur- 
face or ill hollows of the diseased portions of rootatoctk of 
Colociuia, 

llETEiiospOuruM CoLocASTiE, ITtmwj (Plate I. fig. 2); hyplris 
fasciculatis, hie iiide furcatis, olivaccis ; conidiia oblongis, uni- 
septatis, coiistrictis, graimlatis, pallide olivaceis, 25-30 X 10-12 g. 

Forming olive-green patches on the diseased parts of CoJoaaskh 

CEPnALOSPOEiUM aceemokixjm:, Corch, Ic, ’Fitng. iii. p. 29. 

Var. with unisepiate conidia. (Plato I. fig. 3.) 

Parasitic on the hyphse of Keterongforium Golocmm. 
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The two last-mentioned Eungi are in no way connected with, 
the cause of the disease ; but, along with numerous Nematoidsj 
flourished on or in the decaying portions. ® 


DBSCBIPTIOISr OB' PLATE I. 

Fig. 1. jPeronospom triclmtoma. Mass., x S50 diani. 

2. Heterosporiim Golocasm, Mass., X 350 diam. 

3. CepJialosporium acremoniumf Corda, var., x 350 diam. 


0»i the Affinities and Classification of Algse. By Alfeed W. 

BEiSnsTETT, M.A,, B.Sc., EX.S., Lecturer on Botany at St. 

Thomas’s Hospital. 

[Bead 3rd March, 1887.] 

[Kote. — The type used in printing the names of genera and 
higher groups has been specially arranged by the author to 
mark his views as to their relative rank. In this paper, there- 
fore, the usual method of printing such names adopted in this 
Journal is suspended. — Sec. L. S.] 

Whethee the organisms included for so long under the general 
name of Algse form in any sense a natural group, is a question 
%vhich has been variously answered by diflerent observers and 
tbeorisers. About fifteen years ago a system of classification of 
the Thallophytes was proposed, on authority entitled to the 
highest respect which altogether abolished the bifurcation into 
Alg© and Eungi. On this system the sole character made use 
of in their primary classification was the mode of reproduction. 
Eirst came the Protophyta, in which no sexual mode of reproduc- 
tion is known, followed by three primary classes (in ascending 
order) — the Zygosporese, Oosporem, and Oarposporese, distin- 
guished solely by the degree of complexity of the sexual process. 
Each of these four classes was then divided into a series con- 
taining chlorophyll and a series not containing chlorophyll, the 
former including the organisms hitherto known as xilg®, the 
latter those hitherto known as Eungi. 

^ See Sachs, ' Text-booh of Botany,’ 2nd English edition, p. 244. 

' LIOT. JOnEK,— BOTANY, TOTj. XXIY. E 
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III support of this view it was urged, with great plausibility, 
tliat, reproduction being the most important event in tlic life- 
hivstbry of a plant, the mode in which this is brought about must 
become fixed in each group by heredity ; while suclia suhordiuato 
character as the presence or absence of chlorophyll is secjn in tlnf 
higher plants to be entirely without importance in determining 
affinity. But a little consideration will show that it is unsafe to 
ax^ply the same rule to more highly and to less highly organized 
forms. In the higher forms of life tlie mode of sexual repro-- 
cluction becomes, in its main features, absolutely fixed ; and 
throughout the vast range of Angiosperms — as in the higher 
animals — there is entire uniformity in this respect in all important 
points ; while in external morphology, and in the mode in which 
they obtain their liyelihood, there is the greatest diversity, even 
within a narrow circle of affinity. In the animal kingdom we 
may point, as an illustration of this law, to the existence of such 
a family as the Cetacea among Mammalia ; among flowering 
plants we have only to consider such phenomena as the occur- 
rence of parasitism, insectivorous habits, or the suppression of 
chlorophyll, in individual genera dispersed through a large 
number of natural orders. Even in subsidiary characters 
connected with the process of reproduction there is not the 
uniformity that might have been expected. While such an 
apparently subordinate point as the number o£ cotyledons in the 
embryo is so constant as to give its name to primary divisions of 
Phanerogams, a character which might have been supposed to be 
mnch more important (but which, it is instructive to observe, is 
connected with the mode in which the germinating embryo re™ 
ceives its nutriment) — viz. the presence or absence of endosperm 
— is not always constant, even wutbin narrow limits. The first 
necessity of a nascent organism is to live ; and hence it is not 
•surprising to find that in the lower forms of life the one character 
which remains most constant within wide circles of affinity is the 
mode of life. In the course of development of the higher forms, 
Nature may be said to have tried a variety of experiments in the 
^ mode of reproduction ; on the whole there is a continual advance, 
^|3ut still by no means infrequent fallings back to simpler modes ; 
amd unless this law of retrogression is taken into account, any 
’sys^tem of classification must be pro tanto imperfect and mis- 
leadSng. 

If fhese considerations have any weight, it is not surprising 
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that, although the system of classification of Thallophytes above 
alluded to has been adopted by a few authorities in this country 
and on the Continent, it has not met with general acceptance. 
The adoption of its leading principle, that in each cla^B Tungi 
have diverged as ramifications from various types of Algse,” * is 
seen to lead to such startling results as the collocation in the 
same class of Spirogyra and Mucor, of Yolvox and Peronospora, 
of Callithamnion and Agaricus. It may, on the contrary, be 
safely asserted that several of the most important groups among 
Eungi (take, for example, the Mucorini, the T^redine^B, and the 
Basidiomycetes) display no traces of genetic affinity with any 
known class of Algss ; and if, on the other hand, we have forms 
like^Saprolegnia and Chytridium, or Leptothrix and Beggiatoa 
among Protophyta, wffiich betray strong indications of a degraded 
affinity with groups of Algae, this by no means contradicts the 
general law that Pungi as a class form an altogether independent 
series. 

Eetrogression may take the form of the suppression of either 
the vegetative or the reproductive organs ; and wherever you 
have one of these sets of organs displaying strong development, 
while the other set of organs is very feeble or altogether wanting, 
you facie evidence of retrogression. To take examples 

from the class of Pungi. It seems highly probable that the 
Myxomycetes^ iu which the whole vegetative structure is sub. 
ordinated to the mode of reproduction, are derived from some 
higher class of Fungi by retrogressive metamorphosis ; while, on 
the other hand, in many families of the Ascomycetes the sexual 
organs have partially or entirely aborted ; and it is possible that 
the Basidiomycetes are a class in which this suppression has been 
still more completely carried out. Examples from Alg® will 
occur in the sequel. 

It is somewhat singular that, if the principle which I have been 
advocating is sound, it brings us back a long way towards the 
time-honoured classification, but of late years almost abandoned, 
of the Alg,8B into Chlorosporem, Ehodosporese, and PhsBosporeas — 
the green,, the red, and the brown. 

It would appear as if, at a very early period in the develop- 
ment of the simplest forms of vegetable life, three distinct kinds, 
of cell- contents were differentiated, representing three distinct, 
modes of life, and possibly three distinct lines of descent from 
Op. cif. p..244, footnote. 
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the primordial germ — a colourless, a bliie-greeii, and a pure 
green. The simplest form of tlio first — ■entirely destitute of 
chlorophyll, and adapted to carry on only a saprophytic or 
parasitic existence — is seen in the Bacteria or ScHzomycetes. 
To suppose, however, that Bacteria are the most ancient of all 
forms of vegetable life involves an obvious contradiction ; since 
the fact of their being saprophytes presupposes the previous 
existence of living heings of some kind ; they must rather have 
been derived by retrogression from organisms of the second or 
third class. Be this as it may, from the Schizomycetes are 
probably directly derived the vast group of EirNOT, the relation- 
ships of which to one another are beyond the scope of the 
present paper. With tlie highest forms of Ifungi this series 
evidently attained its climax. 

The second type consists of unicellular organisms in wliicli 
the cell-contents arc composed of a pale watery hlue-green 
endochronie diffused through the protoplasm, without distinct 
chlorop)byll-graius, starch -grains, or nucleus — the ChroococcaceaB, 
represented by such forms as Chroococciis and (xlcBOcystis. 
Although these organisms undoubtedly possess a feebly developed 
power of decomposing the carbonic acid of the atmosphere by 
means of a substance closely allied to chlorophyll, it is still 
doubtful whether they contain true chloro])hyll, and whether the 
first products of assimilation are cellulose, starch, or any of the 
carbohydrates found in the higher plants. Of whatever sub- 
stance their outer membrane or cell-wail is composed, it manifests 
a remiiihable disposition to become disorganized into an extremely 
copious coating of gelatin, lu Mcrismopedia we find a tendency 
towards tlie developuieut of a plate of cells, and in Coolosphamiutri 
towards tlie botryoid condition wdricli is so mueli more sti^ongly 
displayed in the Proiococcacean Tlic Cliroocoecacere have usually 
Ur slow power of spontaneous motion in tlie water, but are never 
endowed with cilia. 

The higher forms of the blue-green Protophyta constitute the 
group of NostocMnese, characterized by the filiform condition 
with rudimentary cell-division. The motility of tlio entire organ- 
ism |)Ossessed by the Chroocoecacem is now mostly limited to 
special portions of the filament (the hormogones) endowed with a 
reproductive function. Starting from the lowest families of the 
group, the Oscillariacem mid. Mivulariacew^ we may suppose after 
this a bifurcation, in one direction to the Scytonemacem which 
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the tliallus for the first time displays true hrauching, in the 
other direction to the Nostocaceop, with unbranched thallus com- 
posed of moniliform rows of cells enclosed in a copious gel-atin, 
and characterized by the formation of heterocysts which had 
"already begun to be developed in the Eivulariaceae. "With these 
two families the second series, the PHYCOCHnoMACEiE or Cyano- 
PIIYCEJ3, have attained their highest degree of development. 

Before passing on to the third series, the position must be 
discussed of one of the most sharply differentiated but most 
puzzling groups in the entire vegetable kingdom, the Biatomacese 
or Bacillariacese. By some urriters they are regarded as exhibiting 
reproduction by conjugation, and are therefore included among 
thg Conjiigat?e ; and this view I have myself formerly held ; hut 
am now convinced that the so-called formation of zygos|)ores is 
but a modification of the formation of auxospores, and is not 
sexual. The view is certainly plausible that they have descended 
from the Conjugatse, and especially from the Desraidiem, which 
they resemble in some respects, by retrogressive metamorphosis. 
But, on the other hand, there are points which tell strongly 
against this theory. The enormous number and accurate diffei'en- 
tiation of species, and their constancy from very remote geological 
periods, with other considerations, point to the family being a 
member of an ascending rather than of a descending series. To 
this must be added their remarkable powers of motion. It is a 
singular fact, of which one illustration has already been men- 
tioned, that the power of the whole organism to move from place 
to place {OrUhewegung) is strictly limited to the very lowest 
members of each series, such as Protococcus, the Chroococcacese, 
and the Schizomycetes. As we ascend, this power becomes 
localized in special organs, such as zoospores and antherozoids ; 
until in the most highly developed plants it is almost altogether 
lost, 111 no family is this property more strongly and strikingly 
displayed than in the Diatoms. For these and other reasons I 
am disposed to look on the Diatomacem as very low down in the 
ascending series, and ranking among Protophyta rather than true 
Algse. If this view be correct, they must be regarded as a branch 
which came to an abrupt conclusion, never arriving at anything 
higher ; though, owing to the very sharp difiereiitiatioii of the 
family, it is very difficult to conjecture where was the starting- 
point of the branch, possibly in the CyanophyeesB rather than 
the Protococcaceae. 
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The tHrd series, or CHLOEpPHyLLOPiixcEiG, is the one wliicli 
alone has developed into the higher forms of vegetable life. 
It is characterized, from the outset, bj the cells possessing a 
nucleus, starch-grains, pure chlorophyll of precisely the Bamo 
composition and properties as that of the higher plants, and, in 
certain states, a true cell-wall of cellulose. In the lowest family, 
the Frotococcaceod^ the individuals are unicellular, and motile 
by means of vibratile cilia, or collected into motionless palmel- 
loid or zooglneoid colonies. Although, as must almost necessarily 
be the case, the tendency to a higher development in the Proto- 
coccacese manifests itself in lines parallel to those in the Ciiroo- 
coccacese, I cannot but agree with Scliaarschmidt that there is, 
in all probability, no genetic connection between the individipil 
members of the two series. Thus a tendency to develop into a 
plate of cells similar to that in Merismopedia is displayed also in 
Tetraspora; and the botryoid association of cells, only rudi- 
mentary in Ccelospha^rium, is carried out much more fully in 
Botryococcus. 

The further development of the Chlorophyllophycese took 
place in two directions — the perfection and differentiation of the 
individual cells, and the association of cells into colonies or 
coenobes. The latter course may be supposed to start from such 
forms as Botryococcus; and its first stage is represented by 
colonies like those of Sorastrum, Coelastrum, and Selenastrum, 
constituting the small family of Sorastre^e, in which the mode of 
reproduction is still but little known. In the Sorastrem the 
colony moves slowly through the water without being impelled 
by vibratile cilia. In the next family, the Pandormeoe^ includ- 
ing Pandorina, Gonium, and Stephanospluera, we find active 
motion of the colony by means of cilia, and reproduction by the 
coiijiigatioTi of zoogametes. Simpler organisms, like Chlamydo- 
monas and Chlamydocoecus, consisting of nothing but conjugating 
zoogametes, ought possibly to be regarded as retrogressions from 
the higher forms, though they may also be stages in a direct 
ascent from Protococcus. Closely allied to the Pandorineaj, and 
representing another stage in the ascending series, are the 
Vohocineos. The lowest member of this family, Eudorina, with 
a rudimentary differentiation of male antherozoids and female 
oospheres, unquestionably represents the line of development of 
Volvox, in which this differentiation is more strongly manifested. 
The Sorastrese., Pandorinese, and Volvocineje are, beyond doubt^ 
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nearly related members of one series, the CenoM®, altliougb 
placed, in a purely sexual system of classification, the first in 
Protococcacem, the second in Zygophyceae, the third in Oophy^eese. 
In Yolvox we have the culmination of the attempt of -N'ature 
•to evolve higher organisms out of the perfection of coenobes 
or motile families of equivalent cells. The HydrodiGtyem are 
probably an aberrant member of this group ; Fediastmin I place 
elsewhere. 

The further differentiation of the individual cell has advanced 
one stage in the JEremohicd or Characiacess, an ill-defined family 
making up, together with the Protoeoccacese, the group of 
ProtoGOCCoideae, and including such forms as Charaeium, Apio- 
cy|tis, Oodiolum, and Sciadium. Prom them the next step is to 
the group which I propose to call the Multinucleatse, consisting 
of the ^i^jylionocladacem and SiplioneGd^ cliaracterized by each indi- 
vidual consisting of an enormously developed cell, often ramify- 
ing greatly and attaining gigantic dimensions, and containing 
several, often a very considerable number of, nuclei. In the 
Siphoiiocladacese (placed under Zygophycese) the only known 
mode of reproduction is the conjugation of zoogametes ; its 
lowest member, Botrydium, shows a distinct affinity to Botrydina 
among the Eremobiae ; higher developments are exhibited in such 
remarkable organisms as Bryopsis, Codium, Acetabularia, Cau- 
lerpa, Yalonia, and Bhipeiia, The Siphoneae (usually placed 
among the OophycesB), represented hy the familiar genus Yau- 
cheria, are possibly a higher development of theSiphonocladaceas, 
in which true sexual organs, oogones and antherids, are formed, 
in addition to non-sexual zoospores, the reproductive portion of 
the thallus being now divided off by septa. It is, however, 
equally probable, or perhaps more so, that the Siphonese have 
been derived directly from the higher Protococcoidese, and that 
the Siphonocladacese are a group in which the vegetative organs 
have attained an extraordinary development, while the sexual 
organs, represented by the oogones and antherids, are altogether 
suppressed. 

The striving after a high development by the elaboration of a 
single cell culminates in Yaucheria, or in such forms as Acetabu- 
laria ; but the plan which ultimately proved successful was the 
formation of a filament of cells by cell-division. In the Cyano- 
phycesB we have seen a rudimentary exhibition of this structure 
in the Nostochinese, but combined with other conditions whiclj 
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prevented its full success there. Whore cell-division originated 
in the Chloropliyllophycea) is not clear; we End it already fully 
developed in the N'ematophyccio or Confervoide® isogaiii*. Tiie 
organisms included under this class consist of a single iin- 
branclicd or branching filament of colls ; the only known inodes^ 
of reproduction being, in most cases, the conjugation of zooga- 
inetes and the direct germination of larger zoospores. In the 
two lowest families, the Chroolej^idetB and the Ulotrichacem^ 
embracing a very small number of genera (Chroolepus, Trente- 
pohlia, Ulotlirix, and a few others), the filament is usually ixn- 
hranclied ; in tlie two higher, the Qonfervacem^ including Conferva, 
Cladophora, Cba)tomorpha, ’Draparnaldia, and other genera, and 
the Piflioplioraeem^ made np' of the single genus Pitliophora, 
further vegetative activity is displayed by the copious branching ; 
and in the Conforvacege we have again, in some instances, a 
plurality of nuclei. The exact course of evolution from the 
isogamous Coiifervoideco is obscure ; hut it would appear to have 
taken place in three different lines. The first of these, which 
evidently came to an abrupt conclusion, is the Coujugatas, con- 
sisting of the ZygnemacecB^ Mesocarpew, and Desmidiecd, a well- 
marked and sharply differentiated group with no near affinities, 
It seems to me most probable that the first two families, consist- 
ing entirely of unbraiiched filamentous forms, are derived from 
the Confervoidese directly, though the change in the mode of 
reproduction is very abrupt. The formation of zoospores is 
entirely suppressed, the only mode of reproduction being lateral 
conjugation between cells of the same, or scalariform conjugation 
between those of different individuals. The Desmidieffi must, 
then, he regarded aa a family adapted, by a certain amount of 
retrogression in both vegetative and reproductive characters, to 
life in shallow water. If this view be correct, they must be 
derived, through such filamentous genera as Desmidiuin and 
Hyalotheea, from Zygnemaceie with lateral conjugation. The 
possible relation of the Diatoms to the DesinidB I have already 
discussed. I believe it to be apparent rather than real The 
mode of reproduction by conjugation attains its climax in tfie 
Mesocarpe®, which are distinguished from the Zygnemacea) 
mainly by the more complex mode in which the zygosperm is 
formed. 

The second line of descent is that of the Brown Seaweeds. 
The formation of some coloured pigment to mask the chlorophyll 
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would appear to be a necessary condition of life for the greater 
part of the inhabitants of deep seas, and indeed of salt water 
generally. In the huge group of Phseospore® we have ev^ry 
grade of transition from isogamous to heterogamous reproduc- 
tion ; and, if the principle of classification based solely on the 
mode of reproduction were consistently carried out, a part of 
this obviously natural group must be placed in the Zygophycese, 
a part in the Oophycese, with other forms intermediate between 
the two; and in some cases even members of the same family 
would he separated. The typical Phseosporeae, such as Punctaria 
and Sporochnns, are characterized by the possession of two kinds 
of zoosporange, unilocular and multilocular. The zoospores pro- 
duced in the two kinds of sporange present no difference in size 
or form ; but those from the unilocular sporanges appear in all 
cases to germinate directly, while those from the multilocular 
sporanges are sometimes zoogametes with sexual functions. In 
some families one or other kind of zoosporange is altogether 
suppressed ; thus the Laminariaceae have the unilocular kind 
only. Ill the JEctocar^pacece and a few other genera scattered 
through different families, we have a mode of reproduction closely 
resembling that in the isogamous Confervoidese, except in the 
greater differentiation of the zoosporanges — a conjugation of 
zoogametes (from the multilocular sporanges) which are to all 
appearance exactly alike, though a slight differentiation is exhi- 
bited in the fact of one of them coming to rest and partially 
losing its cilia before conjugation takes place. In the Cutleriacece 
the differentiation is more complete ; the male and female swarm- 
cells are produced either on the same or on different individuals ; 
the latter are much larger than the former, and come perfectly to 
rest, entirely losing their cilia before being impregnated by the 
former. In the Dlciyotecs^ finally, the differentiation is carried 
still further, and the female reproductive bodies are, from the 
first, motionless masses of protoplasm not provided with cilia 
(oospheres). The Dictyotefe are further distinguished from the 
other Ph80osporesB in the non-motile character of both the male 
and the non-sexnal reproductive elements ; and in these respects 
they present a singular, identity of structure with the Ploridese. 
In Dictyosiphon a different mode of reproduction has been 
observed, somewhat resembling the conjugation of the Conjogatse. 

^ G-ardiner believes, however, that he has detected a true sexual reproduc- 
tion in Alaria. 

HNN. JOURN.— BOTANY, VOL. XXIT. F 
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Various families of Phseosporese exhibit reduction or degrada- 
tion of the vegetative structure. Considerable obscurity rests 
on "the position of the small group named by Rostafinski Spif/e- 
'neti€(s ; but I am divsposed to agree with Ilansgirg * in regarding 
it as having descended by retrogression from tbe Phieosporeoc. 
The two genera of which it is composed resemble one aiiotber in 
but few points except the possession of a brown endochrome, and 
have probably but slight affinity with one another. Hydrurus 
is a unicellular freshwater organism in which the reproductive 
bodies are reduced to non-ciliated masses of browm protoplasm 
which germinate directly without impregnation; in Chrorno- 
phyton, which is endophytic in Spliagnurn, the vegetative struc- 
ture is almost entirely suppressed, and the reproductive bocjies 
are uniciliated masses of protoplasm of two kinds, but witliout any 
observed process of conjugation. Heckel and Ohareyre t regard 
the Diatomacese, Syngeneticae, and PhaeosporeJB as successive 
members of an ascending series. 

The step from the Dictyotese to the Fucaceas is an easy one. 
In the highest type of brown seaweeds, such as Fucus or Dur- 
viilsea, with their typical heterogamous or “ oogamous repro- 
duction, consisting of the impregnation of a comparatively large 
oosphere by a number of minute antherozoids, we have the climax 
of this line of evolution. 

The third line of descent from the isogam ous Confervoideso is 
a much more direct one, viz. to the ConfervoidesB heterogamSy 
consisting of the three families Splimrapleaaew^ (Edogoniacem, and 
ColeoGlimtacem. In the first of these, which comprises only a single 
species, we liave a distinct differentiation of the male and female 
reproductive elements, the latter having now become permanently 
quiescent, but still a strong reminiscence of the Confer vaeo» in 
the unbranched filament and the multiiiucleated cells. The 
(Edogoniacese exhibit a distinct advance in vegetative structure^, 
and still more in the cells which contain the male and female 
reproductive bodies being, for the first time in this series, differ- 
entiated into antherida and oogones respectively. In the purely 
sexual' system of classification these two families are placed 
among the Oophycese, while the most highly developed of the 
three, the Gpleochsetacess, commences the series of Carpophycese. 

^ '^Frodromus der Algenflora von Bohmen.’ 

t ‘ sl^urnal de Micrographie,’ 1885. 

N 
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In tills family there is still no great advance in vegetative struct 
ture, and we have an evident connecting link with (Edogonium 
ill Biiibochsete. In the typical genus Coleoclisete we find, in the 
non-reproductive part of the thallus, a singular change from a 
® filament to a simple plate of cells, adapting it to its mode of 
growth, as a fiat disk attached to the surface of water-plants. 
The mode of sexual reproduction has, however, attained a much 
higher degree of complexity. The oogone is surmounted by a 
tubular appendage, the trichogyne, through which the motile 
antherozoids find their way to the oosphere in order to impreg- 
nate it. The fertilized oogone then becomes invested by a cortical 
layer of cells, forming the complex body known as the sporocarp. 
Tfee microscopic family of Fediastrecs so closely resembles the 
Coleochaatacem in some points, and is so difficult to locate else- 
where, that I find it hardly possible to regard it in any other 
light than as a degraded type of this family in which every trace 
of sexual reproduction has been lost. Many authorities place 
Pediastrum among the Protococcacese, others associate it with 
Hydrodictyon ; with the latter genus it seems to me to have 
scarcely anything in common j in no true sense of the word do 
its cells constitute a coenohe* 

The Coleochsetacese lead us up directly to the highest type of 
structure attained byThallophytes,the Eed Seaweeds or Plorideae, 
a well-defined and natural group, though exhibiting remarkable 
variety in the degree of development of the sexual organs. So 
striking is the resemblance in the mode of impregnation in the 
most highly developed genera of Ploridem, such as Callithamnion, 
Dudresnaya, or Corallina, to that in Coleochsete, that it is scarcely 
possible to doubt the direct descent of one from the other. In 
addition to the acquisition of a red pigment, the chief difference 
consists in the replacement of motile antherozoids by motionless, 
or at least not actively motile, male elements known as sper- 
matia.” The process of fertilization is the most complex which 
occurs among Thallophytes, and presents a remarkable forecast, 
so to speak, of tbe mode afterwards elaborated in Flowering 
Plants, but only after a very long interval comprising the entire 
evolution of Musciness and Yascular Cryptogams. It is instruc- 
tive to note that with the loss of motility of the male reproduc- 
tive bodies is correlated the loss of motility also of the non-sexual 
reproductive bodies or tetraspores. Another possible line of 
descent of the Florideae has already been indicated, from tbe 
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Plia3ospoi"eo3 tlirougli tlie Dictyoteto, wliich agree with the Elo- 
rideae in the absence of spontaneous motility in both the sexual 
and lioii-sexiial reproductive elements. But it seems improbable 
that modes of reproduction so closcdy resembling one another as 
those in the Coleochaataceae and the Eloridete should Lave arisen 
independently. In the higher families of the Eloride^© we find 
also the highest development of the organs of assimilation and con- 
duction among Thallophytes. If the more complicated types of 
Eloridese are derived by direct descent from the Coleochmtacese, 
it follows that the less highly developed families must be regarded 
as retrogressions from the parent type ; and this theory, I ven- 
ture to think, offers the most probable explanation of the true 
position of some aberrant forma. In the Nemaliem and Sqma- 
mariem the degeneration is exhibited solely in the less perfect 
development of their tballus, the mode of reproduction being still 
of the normal character. In the Lemaneacem this is accom- 
panied also by a simpler structure of the sexual organa. But here, 
as well as in Batrachospermum, we have the first rudimentary 
appearance (except among Euugi) of the phenomenon known as 
alternation of generations,” which attained its acme ip the 
Vascular Cryptogams, and which may possibly indicate the 
genesis of the Muscinese. In the JBangiacecd or PorphyracecB we 
have a reduction of the thailus to a simple filament or plate of 
cells, accompanied by a rudimentary development of both oogones 
and trichogynes, and a limited reversion to motility in the tetra- 
spores. For reasons stated above, it seems to me that wo must 
regard the Bangiaeeai as exhibiting retrogression from the more 
complicated Eloridea) ratlier than as the lowest mem her of an 
ascending series ; and, if this view is adopted, a place will be 
found for tlie UhacecB as derivatives from tlie Bangiaeoa's by 
further retrogression, displayed in the entire suppreHsion of 
oogones and antherids, and reversion to an ealier mode of 
reproduction-— the conjugation of xoogamotes. In a purely sexual 
system of classification the TJlvacese must, of course, be placed 
among the ZygophycesB ; but their vegetative structure difibrs 
widely from all the other members of that group, while the affi- 
nity of Ulva to Porphyra can scarcely be doubted. 

This completes the attempt at tracing the affinities of the 
various families of Algm. The Oharacem, though" included by 
some writers under Algae, are best dissociated fr-om them in con- 
sequence of their distinct eormopbytic structure. Their genesis 
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is obscure ; but tbey must probably be regarded as descended j 
through many removes now lost, from the Coleochsetaeese. The 
MuscinesB are regarded by Groebel as probably derivatives from 
the CharacesB; and this seems the most likely hypothesis ; though 
a* difficulty is presented in the relationship of the Hepaticse, 
especially the thalloid forms, to the more highly developed Musci, 
unless the former are regarded as a retrogressive offshoot from, 
the latter. Another possible line of descent of the Muscineae 
has been indicated, from Lemanea or similar forms. 

Another great gap, in which many connecting links must have 
been lost, occurs between the Muscinea3 and the Vascular Cryp- 
togams. It is difficult to regard the Vascular Cryptogams as 
descended directly either from the Characese or from the Mns- 
cinese. The construction of the vegetative apparatus in the 
Equisetacese among the former reminds one, to a certain extent, 
of that in the Characese. In its general features the mode o£ 
sexual reproduction has now become established, to undergo, in 
Elowering Plants, one more change, in the substitution of 
motionless pollen-grains with their pollen-tubes for motile 
antherozoids. Prom the Selaginellacese among Heterosporous 
Vascular Cryptogams, it is comparatively plain sailing, through 
the G-ymnosperms, to the Angiosperms. 
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Phytobiological Observations ; On tbe Eorins of Seedlings and 
the Causes to wliicli they are due. — Part II. Bj Sir Joiw 
" Lubbook, Bart, V.P.L.S., P.E.S., M.P., B.O.L., LL.D. 
[Road 17tli Pobniary, 1887.] 

Ikeluence oe bhe Leaf on the CotvJjEboj:!. 

Seedlings of Omgrariem* 

Some of tbe Onagrarieje have seedlings with very curious coty- 
ledons. Por instance, I was greatly puzzled by tbe seedling of 
Oenothera historta^ in wliicb (fig, 135) tlie cotyledons were long 

Fi^. 135. 



Seedling oi (Enotlmm hhiorta.. x3. 


and linear, suddenly widening at tbe end into a large orbicular 
expansion, wbicb gives tbein a very peculiar appearance. 

In lEucliaridimi gTandifloTvm (fig. 138) or Glarhia Tliomhoidea 
(fig. 14i3)tbe form of tbe cotyledon might not unnaturally be sup- 
posed to be a case similar to that of Malva. In reality, however, 
tbe exj)lanation is very difierent. In Euclmridiim tbe lobes have 
notbxng to do with the arrangement of tbe embryo in the seed. 
The young plant, indeed, immediately after germination, presents 
no trace of them. Tbe cotyledons, when they first emerge from 
tbe seed (fig. 136), are oblong-orbicular, sessile, cordate or auidcled 
at tbe base, and emarginate at tbe apex, with a small purple tooth 
in tbe notch ; they grow rather rapidly, become shortly potioled, 
and develop one or two lateral, incurved nerves on each side of 
tbe midrib. 

In tbe next stage, about eight days after germination, they 
exhibit a very slight constriction near tbe base of the cotyledons, 
with a small obtuse tooth. This basal portion increases much more 
rapidly, while tbe growth of the terminal portion (which is, in fact, 
tbe original cotyledon) becomes gradually arrested. Tbe tooth 
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becomes more marked (fig- 137), and by the tenfeli day tbe new 
portion is obtusely 2-tootbed or crenate, and nearly eq[uals tlie 
original cotyledon in size. 


Kg. 136. Fig. 137. 



Fig. 136. Seedling of Euckaridiicm grcundijiaitim. x3. 

Fig. 137. Eiccharidmn grmidiflorum : 10 days after germination, x 3. 

In its final form (fig. 138) tbe new portion is both broader and 
longer than tbe true cotyledon, and differs from it not only in 
the crenations, but in the possession of a more conspicuous midrib 
and rather stiff hairs. ISTot only is this basal portion interesting in 
its mode of deyelopment, but also from its similarity to the sub- 
sequent leaves. In fact, as fig. 138 shows, it may be said that we 
have a compound structure formed of a leaf at the base, ter- 
minated by the cotyledon. 

If, indeed, this species stood alone, we might regard the 
resemblance as accidental ; but Iv'e find a very similar growth in 
other allied species. 

In Clarkia fulehella (fig. 139) the cotyledons immediately 
after germination closely resemble those of JEucJiaridium graiidi- 
floTum (fig. 136). They are oblong-oval, entire, with a slightly 
prominent colourless tooth at the apex of the midrib, sessile, 
and very shortly auricled at the base. Six days after germina- 
tion they are orbicular, shallowly emarginate, very shortly 
p etiolate, and slightly cordate at the base. In a short time 

G 2 
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tliej "become broadly ovate, emargmato, suddenly narrowed, and 
rounded at tlie base. In this case tliero is no groat chango 

Fig. 108 . 



EuoJmidium grandijlorum : showing final form of cotyledons. Nat. size. 

of form; but wMle the margin of tbe original cotyledon is 
glabrous, that of the new growth and of the true leaves (fig. 
130) is finely ciliate. 
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In (Enotkera sfricta tlie cotyledons immediately after germi- 
nation are oblong, obtuse, slightly anricled at the base ; otherwise 
entire, sessile, thinly glandular, pubescent on the upper surface, 


Fig. 139. 



and ciliate. Eight days after germination (fig. 140) they are 
more distinctly petiolate, ovate, obtuse, cuneate at the base, 
often subelliptic, sometimes with a minute but distinct tooth 


Pig, 140. 



(Emihera strietai 8 days after germination. x3. 

below tlie middle on each side, denoting the line of demarcation 
between the original portion and the new growth. After this 
the terminal portion does not alter much ; the basal part, on the 
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contrary, continues to grow, and eventually (fig. 141) tlie coty- 
ledons arc spatulate, obovate or oblong-obovate, obtuse, with a 
tootli on eacli side ; the lower part witli a distinct midrib and 
tapering iniicli to tlie base, glabrous, with puberulous, pubescent 
petioles, connate at tbe base. ** 


Fig. 141. 



The first leaves are alternate, lanceolate, obtuse, tapering to 
the petiole, obsolotely and distantly toothed at the margins, and, 
like the petioles, are glabrous with pubescent petioles. 

In Clarlda rliomhoiHea tbe cotyledons immediately after ger- 
mination are orbicular, entire, or very faintly emarginate, v/ith a 
more or less prominent apical tooth, sessile, glabrous, and 
purplish. One day after germination they are rather more 
distinctly emarginate and minutely papillosely pubescent. After 
a week more they are (fig. 142) obovate or subpan duriform, 
emarginate, with a small tooth in the notch, constricted below 
the middle. The basal portion is much more conspicuously 
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pubescent, and bas a pale pink or purplish midrib, ending in a 
broader purple patch at the base of the terminal portion. 

After this stage the apical' portion alters but little. The 
basal portion, on the contrary, continues to grow; so that, a 
month after germination, the cotyledons (fig. 143) are oblong, 
distinctly petiolate, constricted at tbe union between tbe original 
cotyledon and secondary growth, emarginate with a minute 
tooth in the notch, cnneate at the base, with a distinct midrib 
throughout, and a few indistinct alternate nerves on each side. 


Fig. 143. 



The first pair of leaves are opposite, ovate, obtuse, cimeate at 
the base, alternately incurvinerved, entme, shortly petiolate, 
and densely pubescent. 

In (Enothera tarawacifolia tbe cotyledons are at first oblong, 
obtuse, entire, sessile, and with glandular pubescence on the upper 
surface. They grow rapidly, and one day after germination they 
are much larger and petiolate, but otherwise unaltered. They 
gradually (fig. 144) become emarginate, and grow more in length 
thm in breadth. The petioles also elongate considerably. 
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Tlic first leaves are alternate, lanceolate, ol3tiiae, petiolate, 
alternately nerved on the upper half, and oppositely nerved on 
tlio basal, half, obtusely and obsolctcly dentate at tlie margin, and 
glandular pubescent. Here, again, the foliar portion of the 
cotyledon resembles the true leaf. 


Fig. 144. 



(EnotJicm tamxacifolia : IG days after germination. I^at. size. 

In Clarkm r/aMrioides the cotyledons immediately after germi- 
nation (:0.g. 145) are oblong-orbicular, cmarginate, with a small 
tootli in the notcli, sliglrtly auricled at the base, and sessile, with 
a scarcely discernible midrib. After five days a new growth has 
taheii place at the base (fig. 140), much narrower than the true 
cotyledon, and with a small tooth on each side. After ten days 
the new portion is as long as, though narrower than, the true 
cotyledon, and has 2, 3, or 4 teeth on each side, with a well- 
marked midrib. Eighteen days after germination the new 
portion is both longer and broader than the true cotyledon; the 
whole organ is broadly ovate, cuneate at the base, petiolate, the 
new portion has 4-6 small obtuse teeth on each side, is broadly sub- 
elliptic in outline, and minutely ciliate at the margin. It is 
remarkable also that the cotyledons have become more qv less 
distinctly alternate. Here it is still more evident, as figs. 147 
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and. 148 show, tliat tKe new growfcli lias a distinctly foliar 
cliaracter. 

In (Enotliera LinHeyana and CE. mnosna the development is 
^ very similar to that of Clarhia gaurioides, (E, tenella belongs 
also to this gronp. 


Fig. 146. 



Fig. 145. Clarhia gaiirioides : seedling. Nat. size. 

Fig. 146. Ditto : seedling, 5 days after germination. Nat. size. 
Fig. 147. Ditto : seedling, 10 days after germination- Nat. size. 


The same is the case with the earlier stages in GlarTcia integri- 
petala ; but in this species, while the original cotyledon is all but 
glabrous, the foliar portion resembles the leaves in being conspi- 
cuonsly pubescent on the npper surface. The passage from the 
one portion to the other is abrupt ; and, the veins being also 
well-marked in the foliar part of the cotyledon, the contrast 
between the two regions is very conspicuous. 

< In Mucharidium concinnum the cotyledons follow a similar 
course of development ; but the upper surface of the original 
cotyledons are glandular, though less conspicuously so than the 
foliar portion. The passage also is less abrupt. The foliar 
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portion is larger in proportion, and the margin is crenate but 
not toothed. 


Fig. 148. 



The first two leaves are opposite, oblong-ovate, obtuse, with a 
distinct midrib, but indistinct lateral nerves, and minutely glan- 
dular pubescence all over the upper surface. 

(Enqthera biennis and (E. ndcrmvtha afford a striking contrast. 
The leaf of the former (fig. 149) is broad, nearly orbicular, finely 
ciliated at the margin, and the midrib is rather weak, with strong 
curved lateral branches ; that of the latter is (fig. 158), on the 
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contrary, linear-lanceolate, with one or two blunt teeth on each 
side, with somewhat larger hairs, and a stout midrib without 
lateral branches, 


Fig. 149. 



(Enoihera biennis : seedling, 16 days after germination. Nat. size. 

The cotyledons immediately after germination are in both 
cases (fig- 151) oval, obtuse, and entire, with a slightly prominent 

Fig. 150. 



Seedling of (Enothera bistoria. X3. 
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apical tootlij tliat of (E. Uemiis being subsessile, that of (E. ma- 
crantha very shortly petiolate. In (E. liemzis the cotyledons 
appear simply to expand ; they retain the broadly ovate form, 
with the minute apical tooth, but become gradually petiolate 

Eut though there is thus no marked constriction in (Enotlierd 
Mennis between the original cotyledon and the new growth, the 
latter is marked by a slight tooth at the point of junction, but 
still more by having the margin ciliate wdth incurved hairs, and 
a midrib with curved lateral veins j in both which characters it 
resembles the true leaf 

In (E, Eamarckimia the cotyledons resemble those of (E, 
hiennis^ but become rather more truncate at the base and more 
pointed at the apex ; so that their form is more wedge-like or 
obcuneate. The apical tooth is not apparent, and the basal foliar 
portion of the cotyledon is distinguishable only by the inidrib and 
tbe fringe of incurved hairs, there being neither a notch nor a 
tooth to mark the transition. 

In (E, rosea the cotyledons resemble those of (E, liennis ; 
but they have not the apical tooth, and the margin is not ciliate. 
In this species, however, the leaves themselves are distantly 
dentate, and the petioles are slightly pubescent but not bairy at 
the margin; they are broadly ovate, obtuse, entire, and with 
petioles nearly equalling their own length. 

In (Enotliera linearis the cotyledons much resemble those of 
(E, rosea, as also do those of (E, pumila, (E. serotina, and (E. 
fflatwa, which latter, however, are ultimately cun eat e at the 
base. 

To the same group of species, so far as the cotyledons are 
concerned, belongs also OH, fruticosa, 

(Enotliera onwantha alfords ns a case very similar to (E, his-- 
torta. The cotyledons immediately after germination (fig. 151) 
are, as already mentioned, oval-obtuse with a slightly prominent 
apical tooth, and very shortly petiolate ; they soon become 
(fig. 152) spatulate, with an oval entire tip representing the 
original cotyledon, and a linear cuneate portion at the base, 
generally with a minute tooth on each side, and glandular 
pubescence. In the third stage (fig. 153) they are linear, re- 
sembling a stout handle to the broad ovate cotyledon, which 
has grown to about twice its original length and retains the 

^ The aiTangement of the cotyledons in the seed is yariable ; sometimes they 
are flat, sometimes involute. 
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original form. Nineteen days after germination (fig. 154 ) tliey 
"become narrowly spatulate, or linear witli an oval tip, no wider, 
or even sometimes ratlier narrower, than tlie greatest widtli of 

® Fig. 151. Fig. 162. Fig. 153. 



Fig. 151. CE7mtheTa micrantM \ X3. 

Fig. 152. Ditto ; seedling, 7 days after germination. X3- 
Fig. 153. Ditto : seedling, 9 days after germination. x3. 

Fig, 154. Ditto : seedling, 19 days after germination. ISTat. size. 

tlie i^iew portion, wMcL. closely resembles tlie leaf and is linear, 
somewliat broader in tbe middle, with two or three obsolete teeth 
on each side, ciliated at the margins and with a broad midrib. 

Here, therefore, we have an interesting group in which at 
first the cotyledons are very similar, but by subsequent growth at 
the base develop into several distinct types, in each case closely 
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resembling the leaf characteristic of the species. We can there- 
fore have little, if any, doubt that this growth is influenced by 
the form of the leaf. 

The species in which a connexion may perhaps be traced^ 
between the characteristics of the leaves and those of the coty- 
ledons are so few, that I may mention here that of Mmlelia 
Riles (fig. 155). The leaves are simple, alternate, exstipulate, 


Pig. 155. 



Seedling of Emheha Mbes. Half nat. size. 

petiolate, alternately and incnrvinerved, rather thick and indis- 
tinctly reticulate, shining on both surfaces, bright green above, 
paler beneath, and punctate with dark green sunken glands even- 
tually becoming blackish, thinly glandular puhesceiit on both 
surfaces ; petioles semiterete, channelled above, closel) glandular 
pubescent, tapering downwards. The first leaf is broadly ovate, 
or short elliptic, acute, and serrate except towards the base. The 
second is similar, but less broad ; the third, fourth, and fifth lan- 
ceolate, each rather narrower than the preceding. 

The cotyledons are ovate, obtuse or subacute, indistinctly 
alternately incnrvinerved, and reticulate, distantly serrate in the 
upper half, petiolate and tapering into the petiole, glabrous, 
bright green and shining above, paler beneath, thinly glandular 
on both surfaces, and dotted with sunken black glands ; petioles 
semifcerete, slightly furrowed above, finely glandular pubescent. 
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Here it wiU. be observed that the cotyledons are strikingly like tke 
first leaves ; and, moreover, that there is a regular gradation from 
the broad ovate colyledon to the final leaves, -which are narrow 
lanceolate. The serration of the cotyledons is a very rare cha- 
® racter. 

In this connexion also I may perhaps mention JEscJisclioUzia 
tenmfolm. In my previous memoir I described^ and figured 
(Z, c. fig. 40) the germination of U, calif orniGa^ in which the coty- 
ledons are long, narrow, and deeply bifid, and suggested that this 
form enabled them more easily to make their exit from the seed. 
In that species, w^here the cotyledons are deeply bifid, the leaves 
also are much cut up. In JS, teiiuifolia^ on the contrary, both 
the leaves and cotyledons are long and linear. Here also the 
form probably facilitates the exit ; and one may perhaps suggest 
that JE. californica exhibits a form of which JE. tenuifolia repre- 
sents an earlier and simpler condition. 

Connate Petioles, 

In support of the suggestion which I made in my last paper 
with reference to the advantage of petioles being connate, I may 
give as additional evidence the case of perfoUaimt 

Fig. 156. 



Seedling of Smyrnium perfoliatum. Half nat. size. 


Joum. Linn. Soc., Hot. vol. xxii. 1886, p. 359. 
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(fig. 156). The caulicle is undeveloped, tlie cotyledons are oblong 
elliptic, emarginate, obtuse, generally unequal-sided or siibfal- 
cate, longly petiolate, 3-nerved from the base, and finely reticii- 
late, witli the lateral nerves becoming incurved and uniting with 
the midrib close to the apex, glabrous, light green above, pale/ 
beneath, shining on both surfaces ; lamina 18-24 miilim. long, 
8|-11 miilim. wide ; petioles 60-100 miilim. long, connate into 
one terete piece for 55-75 miilim. of their length, split a little 
way at the base to allow the plumule to emerge, free in the upper 
part, semiterete and slightly channelled above, glabrous, shining, 
dull brownish green. 

In this case it is obvious that if the petioles had been separate, 
they would have been far too weak to stand upright, and their 
length therefore would have been comparatively useless. 

J^olygomm polystachyimy again, the petioles are connate and 
form a hollow tube through which the leaves pass ; so that the 
seedling has the appearance of possessing an erect caulicle with 
nearly sessile cotyledons. 

Unequal Cotyledons, 

In my previous memoir I gave (I, c, p. 369) several cases in 
which the two cotyledons are unequal, and pointed out the rea- 
sons to which in the several instances this seemed to me to be 


Fig. 157. Fig. 158. Fig. 159. 



Fig. 157. Coreopm Athinsoniana : longitudinal section of achene, x 10. 
Fig. 158. Ditto ; transverse section of achene. X 10, 

Fig. 159. Ditto: embryo. X 10. 


due. Coreopsis AtMnsoniana affords us a ease which I then acci- 
dentally omitted. The seeds are obovate, curved longitudinally, 
and compressed dorso-ventrally, conforming to the interior of the 
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fruit. The embryo again is slightly bent, following the direction 
of the seed. Consequently the one cotyledon occupies the inner, 
the other the outer side of the curve ; and, as shown in fig. ISS, 
the outer one is distinctly larger than the other. 

The Hemp (^Cminahis) and Caylusea present us with other cases 
more or less resembling that of Vesper is mentioned in my previous 
memoir. 

In Thimhergia reticulata the cotyledons are unequal, ovate, 
obtuse, slightly emarginate, and cordate at the base. The 
larger one is slightly denticulated, and with a curious embossed 
patch in the centre ; the smaller one is, on the contrary, smooth 
and entire, or nearly so. The seed is orbicular or oblong j aperi- 
spermic, 3-4 millim. in diameter, compressed, with a cavity on the 

Fig. ICO. 



Coreoysis Atkmsoniam. Seedling. X 10. 

inner side. The embryo is slightly curved j and the cotyledons 
He with their faces towards the hilum, which is very prominent ; 
the inner cotyledon is turned np at the edges, and wraps, to a 
certain extent, round the outer one. The raised or embossed 
patch in the centre of this cotyledon is due to the inward curva- 
ture of the testa. 

Fosition of the JEmhryo in the Seed. 

Flantago. 

As a general rule, the arrangement and position of the embryo 
in the seed is approximately tbe same within the limits of any 
one genus. There are, however, many exceptions. In the genus 
Flantago.^ioi: instance, the cotyledons sometimes have their faces 
and sometimes their edges to the placenta. This difference is 
not indeed mentioned either by Barneoud or Hecaisne in their 
respective monographs of the family. Bentham and Hooker, 
Lira. — Borrax, tol. xkit. h 
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liowevor, say (‘ Genera Plantarum,’ p. 1223):' — “Embryo rectus v. 
rarius liippocropicus, bilo parallelus v- in fnictii uionosperino 
erectus v. tens versus.” 

In P. media the fruit is capsular, dry, membranous, 2-ccIletl, and 
2~4“Sceded. The seeds (figs. 161 and 162) arc plano-convex, or 
subconcavo-convex, peltate, small, with equal obtuse ends ; or with 
the basal end slightly the broadest ; the testa is thin, pale brown ; 
hiluni. a little below the middle on the ventral aspect, round, deeper 
brown than the rest o£ the testa ; the raphe tapers from the liilum 
obliquely towards the upper end of the testa. The perisperm is 
copious, fleshy, and white. The embryo is straight, narrow, wliitc, 
a little shorter than tlie j)erisperm, and embedded in it, a little 
nearer the dorsal aspect of the seed and somewhat oblique to the 
median axis j the cotyledons are linear-spatiilate, tapering towards 
the base, obtuse, entire, and with their faces towards the placenta ; 
the radicle is inferior, obtnse, and shorter than the cotyledons. 


Kg. 101. Pig. 102. 



Fig. 101. Vlmikujo incdia. Longitudinal section of seed. X S. 

Fig. I(j2. Ditto. Ti'tinsvcrsc section of seed. X 8. 

In P. lanceolaia (lig. 163) the capsule is also 2-celled, with 
one seed in each cell. The seed is concave on the ventral side, at 
first pale green, at length becoming yellow. The bikun is oval, 


Fig. 103. 



ViUnf ago lanceolaia. Trans verse section of seed. X 12. 

forming a white or pale spot about or a little below the middle 
on the ventral aspect. The j)erispermis abundant, fleshy, or sub- 
horny when dry, and semitransparent. Tiie embryo is straight, 
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white, embedded in the perisperm, and a little shorter than the 
seed. The cotyledons are narrowly oblong or linear, obture, 
plano-convex, closely applied face to face, and with their edges 
^ the placenta. The radicle is narrower than the cotyledons, 
inferior, and tapering downwards. 

In P. Oorono^nis the capsule is many-seeded. The seeds are 
ohlong-oval, suddenly tapering to an obtuse point at the lower 
end, small, in transverse section somewhat diamond-shaped, with 
the angles rounded oft*, and attached to the placenta considerably 
below the middle. They are mnch smaller than those of P. media, 
and differ ni iich among themselves. The embryo is comparatively 
large, straight, central, nearly equalling the perisperm in length ; 
the cotyledons are linear obtuse, entire, plano-convex, thick, 
closely applied face to face, and with their edges to the placenta. 

In P. maritime the fruit is narrowly ovoid, 2-celled, 2-seeded. 
The seed ohlong-lanceolate, biconvex or flattened on the ventral 
side. The embryo is straight, large, and nearly fills the seed ; 
the cotyledons have their edges to the placenta. 

In P. Ci/nops the fruit is green, with a pale line where the two 
carpels come togetlier, and a darker one along the middle of the 
carpel, giving it in a young state the appearance of consisting of 
four carpels, 2-celled, 2-seeded. The seed is ovate obtuse, pel- 
tate, compressed dorsally, concave on the ventral side, smooth, 
shining, deep green when young, and sufficiently transparent to 
show the embryo by transmitted light. The embryo is straight j 
the cotyledons linear, obtuse, entire, closely applied face to 
face, with their edges to the placenta. 

In P. arefiaria and P. major the cotyledons are also placed with 
their edges to the placenta. 

I was for some time much puzzled as to why the cotyledons in 
P. media should he placed differently from the other S23ecies exa- 
mined ; though the reason seems in reality very simple. At first I 
thought it might have reference to the mode in which the embryo 
emerges from the seed ; but this does not seem to have any bearing 
on it. IiiP. lanceolafa, however, and its allies the cotyledons are 
narrow and thick ; and the seed being somewdiat compressed, it 
will be seen from fig. 163 that if the embryo had been placed 
with its faces to the placenta, it would not have had room to 
develop itself. 

On the other hand, in P. media the reverse is the case : the 
cotyledons are thin and comparatively wide ; their width, in fact, 
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is greater tlian t'heir tliiclmess. It follows that if they had been 
a^aiigcd as in the other species, they would not liave had room 
to develop thoiuselyes. Tho difterenco of position is tlioreforc 
cxphiined by tho fact that in P. media the width of the cotyle- 
dotm is greater than the thickness ; while in P. lanceohta &e..j on 
the contrary, the thickness of tho two cotyledons, taken together, 
is greater tliari their breadth. 

Idle normal arrangement of an einhryo in the seed is to have 
the faces of tho cotyledons turned to the placenta. There are, 
however, not a few eases in which, as in these species of Plantago, 
the cotyledons have their edges to the placenta. "When this is the 
case, it ina^’' be suggested as possible that the position is due 
to tho flict of the seeds being more or less, in some cases very 
much, flattened j and that the embryo is twisted round at right 
angles to its normal position, so that the cotyledons may lie 
in the broad way of the seed, as in AilantJius, Em^igmus, Pas- 
siflora, Linum, iFrawinus, Dlosj^gros, IIeliotrog)mm^ and many 
Crucifers, LeguminossD, and Eosacese. 

On the other Inuid, in the case of Glaytonia this explanation 
will not apply. There would appear no reason, so far as the seed 
is concerned, why the cotyledons should not lie in the usual 
position. 

It has occurred to me whether the arrangement of the coty- 
ledons may have reference to their exit from the seed. If we 


Fig. 164. Fig. lt)5. 



Fig. h)4. Clmjtonia fCTfoliata. Transverae section of seoil. X 15. 
Fig. 165* Ditto. Seedling, x 6. 


examine a germinating seedling of Olaytonia, we stall see that 
the testa splits Tertically from the mieropyle, and tlie cotyle- 
dons from their position, when they separate, act with greater 
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advantage iii enlarging the orifice, and thus securing their exit, 
than they would if they occupied the more usual position. Tlii^, 
however, I only throw out as a suggestion wdiicli requires further 
iiivestigation. 

When the seed is flattened laterally, the embryo must either be 
narrow or lie with its edges of the cotyledons to the placenta. 

For instance, in SellopMla pilosa var. incisa the seeds (figs. 166 
& 167) agree closely in form with those of Clieirantlms (figs. 90 
& 91, G. Olielri) ; they are oblong-obtuse at each end, compressed 


Fig. 166. Fig. 167. 



Fig. 166. Reliopliila' pilosa. Longitudinal section of seed. X 1*2. 

Fig. 1G7. Ditto. Transverse section of seed, x 12. 

dorsally, with a notch at one end, and in section are narrow 
elliptic ; hut while the cotyledons of Clieirantlms are broad, 
in Seliopldla they are long and linear. The reason of this 
may be that while in Oheirantlnis and other Arabideae the pods 
are flattened dorsally and the cotyledons are accumbent in the 
broad way of the seed (figs. 90 & 91), those of the Sisymhrese, to 
wdiich Meliopldla belongs, have (figs. 166 & 167) the cotyledons 
incumbent, so that they lie across the seed, and are consequently 
linear. 

Similar cases occur in other Orders, as for instance in Caryo- 
phyllese and Solanem. 


Divided Cotyledons. 

Divided cotyledons are far from frequent ; still in my previous 
memoir I described several cases, and pointed out the causes to 
wFich they seemed to me to he due. 

In the Lime (Tiiia, fig, IBS) we have a different and very inter- 
esting case. 

The cotyledons are broad, foliaceous, rhomboid-subtriangukr, 
and 5-lobed, 5-nerved at the base, 'with the outer and lower pair of 
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Derves sleuder, alternatelj nerved upwards, reticulate, shining and 
thinly pubescent on both surfaces, deep green above, paler beneath, 
petiolate ; lobes oblong-obtuse, with a strong nerve running 
into each, the basal ones always largest and sometimes ovate 5 


Fig. 108. 



middle pair of lobes fihvnys the smallest, and oblong or subulate ; 
lamina ir)-21 inillim. long, 17-25 inillim. from tip to tip of the 
basal pair oHobes ; petiole semiterete, shalloivly cbaimelied above, 
pubescent, G-S inillim. long. 

The fruit is an ovoid or subglobosc nut, with five obtuse 
angles, tomentose with somew^hat rufous hairs, ono~celled by the 
rupture of the septum, one-seeded, indehiscent, tipped with the 
persistent base of the style, woody, attached to a large deciduous 
bract which serves to disseminate it by the aid of the wind. 

The seed is ascending or erect, obovoid or- subglobose, deep 
brown, smooth, with a firm or crust aceous testa of two distinct 
layers : liilum oval, comparatively large on the ventral aspect a 
little above the base, and longitudinal ; raphe ventral, proceeding 
from the hiluin to the apes of the seed ; chalaza apical, promi- 
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nent externally as well as internally in the mature state by a 
deeper brown blotch; radicle inferior. 

The perisperin in the mature seed is copious , firm, pale yellow, 
and homogeneous. There is therefore so far nothing in any way 
analogous to the causes which have led to the existence of the 
lobes in the species previously described. 

The embryo is at first straight ; the radicle is stout and ob- 
tuse; the cotyledons ovate obtuse, plano-convex, fleshy, pale 
green, and applied face to face. They grow, however, consi- 
derably ; and when (fig. 169) they meet the wall of the seed they 

Fig. 109. .Fig. 170. 


a e 



Fig. 169. Tilia vulgaris. Section of seed. X 4. 
Fig. 170. Ditto. Embryo. X 8. 


bend back on tbemselves, and then curve round, following the 
general outline of the seed (fig. 170). If any one will take a 
common tea-cnp and try to place in it a sheet of paper, the paper 
wnll of course be thrown into ridges. If these ridges be re- 
moved and so mnch left as will lie smoothly inside the cup, it wiU 
be found that the paper has been cut into lobes more or less 
resembling those of the cotyledons of Tilia. Or if, conversely, a 
piece of paper be cut out into lobes resembling those of the coty- 
ledons, it will be found that the paper will fit the concavity of the 
cup. The case is almost like that of our own hand, which can be 
opened and closed conveniently owing to the division of the five 
fingers. 

It may be said that the seed of the Sycamore {Acef)i^ not 
very dissimilar in form to that of the Lime (Tilia) ; and yet the 
cotyledons are long, narrow, and strap-shaped, while those of the 



84 SIR J. lUBBOCK— PHITOBIOLOQ-ICAL OBSERTATIOKS. | 

Lime are rliomboid and five-lobed ; but it must be remeinberecl 
that in tlie Sjcamore the embryo occupies the whole seed, while 
in the Lime it is embedded in perisperm. 

The peculiar lobed form of the cotyledons of Tilia enables 
them, I would suggest, to lie conveniently in the globose seed. 

On the Form, of the Leaf m the Tull])-’ Tree (Liriodexidron). 

The leaves of the Tulip-Tree {Liriodendron) have long attracted 
attention from the peculiarity of their form. I am not aware 
that any attempt has been made to account for this, though 
Mr. Meehan has an interesting note on the stipules of Lirioden- 
dron in the ^ Proceedings of the Academy of Natural Sciences of 
Philadelphia ’ The premorse or cut-off apxpearance of the 
blade,” he says, ‘‘ results from the stipular portions being adnate 
with the stem-axis, instead of being wholly on the petiole as in 
MagnoliaT I confess I do not understand this, and am not even 
quite sure whether he himself regards it as an explanation ; since 
he subsequently says, “ It may be here noted that those who look 
only to Mr. Darwin’s principle of natural selection to account for 
the laws of form, might be troubled by such cases as these. It 
is scarcely conceivable that a square-edged leaf-blade, as we find 
it in Liriodendron^ is of any special benefit to the species ; yet if 
this form is the consequence of some other act, which is a benefit ; 
the selection principle may still hold good ” t. 

I infer from this that Mr. Meehan remains in doubt as to the 
cause of the very peculiar form presented by the leaf of this, 
species. 

Mr. Newberry has recently contributed to the ‘ Bulletin of tbe 
Torrey Botanical Club ’ (Jan. 1887) a notice on the ^‘Ancestors of 
the Tulip-tree;” but the ancestral condition does not appear to 
throw any light oii the question, nor is there any other existing 
species to which we can look for guidance. 

The leaves of the Tulip-tree are saddle-shaped, abruptly 
truncate at the end, or, in the words of Bentham and Hooker, 
^^sinuato 4-ioha.” I have often wmndered what could be tbe 
purpose or the advantage to the tree of this remarkable shape. 
One idea which occurred to me was that the diiferences of form 
might enable insects to perceive the tree at some distance, just as 
the colours of fiowers are an advantage in rendering them more 

^ L 0, 1870, p. 114. t T. c. 1870, p. 116. 
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conspicuous. I then looked closely to see whetlier the peculiar 
forms could in any way be explained by the position of the lea’^s 
on the tree. I believe, however, that the cause is of a different 
nature, and has reference to the peculiar character of the bud. 

Each young leaf is, as in the Magnoliege generally, originally 
enclosed in, and sheltered by, the stipules of its predecessor. 
These are in Liriodendron oval, or in form resembling a shallow 
dish or spoon, so that, when placed face to face, they form a hollow 
almond-shaped body. The first of these neat little boxes which I 
opened showed the young leaf in the stage shown in fig. 171, p 
being the petiole, I the lamina of the leaf, and s that of the 
stipules. This threw me off the scent, as it seemed to afford no 
clue whatever to the peculiar form of the leaf. Eventually, how- 
ever, on examining younger buds, I found wbat I believe to be 
the true explanation. Within the stipules of such a bud as that 
.represented in fig. I7l are contained several younger hiids, one 
within the other. The youngest stage which need here be men- 
tioned is represented in fig, 172. The petiole is short and thick, 
the lamina is widest in the middle, and tapers regularly towards 
both base and apex ; the stipules are in the form of a hemisphere. 
Gradually the stipules become more oval (fig. 173), assuming an 
almond-like form, somewhat thickest in the middle, tapering 
away to the sides, and more gradually towards the apex. The 
petiole has also elongated, and the lamina of the leaf is more ab- 
-ruptly turned downwards ; so that the petiole passes up one side 
of the stipule, while the midrib passes round the tip of the sti- 
pule and down again the other side. The lamina itself has con- 
siderably enlarged, is conduplicate or folded on itself, lies on one 
side of the stipule, between its own stipule and one of those by 
which it is enclosed. It has also considerably modified its form, 
and for the following reason. The young stipule at its central 
part touches the surrounding older stipule, so that the young leaf 
cannot find room between them ; while, on the other hand, at the 
sides and towards the end of the young stipule there is plenty of 
space for growth. This, I would suggest, accounts for the peculiar 
shape it assumes. Suppose, for instance, we lay an almond on a 
table and place a piece of glass over it, the glass will touch the 
almond on a surface a (fig. 175). In the case of Liriodendron^ 
from the form of the hud the surface of contact occupies not 
only the oval (a), but also the space lying below the line h 
The young leaf therefore, which I have indicated in fig. 173 by 
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dots, cannot retain its origi nal form of lamina, because it is stopped 
by want of space along the line wbicli it will therefore follow, 
as shown in fig. 176. Moreover, the thickened rib or vein (figs. 
171 & 171) will be aiTe sted sooner than the thinner lamina. When 


Fig. 171. 



'Fig. 171. LinodendT 07 i, Position of young leaf in bud. Xl2. 

Fig. 173. Ditto. Very young leaf and stipule. X 20. 

Fig. 173. Ditto. Ditto. Second stage. 

Fig. 174. Ditto. Young leaf and stipule in a rather more advanced stage. 

stopped by meeting the stipule, it bifurcates ; and this perhaps is 
one reason why the leaf permanently retains the form which it 
is thus compelled to assnme. The lamina grows for a while 
somewhat more rapidly than the stipule, then the stipule more 
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rapidly tlian the lamina ; and, lastly, the growth of the stipule is 
arrested while the leaf attains a considerable size. The terminal 
portion of the young leaf seems narrower in fig. 174 than it is in 


Fig. 176. 


Fig. 175. 


a- 




Fig. 175. AlmoncFsbapcd body on and under a glass. 

Fig. 176. Diagram showiiig aiTaiigemeiit of tbe young leaf. 


the leaf ; hut it must he remembered that it is to some extent 
curved round the inner stipule, so that in the figure it is 
somewhat foreshortened. 

It might be suggested that the form of the leaf determines the 
bud. Ent in fact the form of the bud is not that of the leaf ; 
the leaf follows, not the form of the bud, but that of the vacant 
space left in the bud. 

1 think that the explanation I have suggested accounts for all 
these points, and beautifully explains the peculiar form assumed 
by the leaf. 


Since this was written, our Secretary Mr. E. E. Jackson has 
kindly called my attention to a note by M. Godron, Observations 
sur les Bourgeons et sur les Feuilles du Liriodendron iidififera ” 
(Bull. Soe. Eot. de France, 1861, p. 33). M. Godron clearly 
describes the arrangement and form of the buds of Liriodendron, 
He attributes the square termination of the leaf to the fact of its 
abutting against the base of the bud. He does not give any 
suggestion as to the projecting point at the midrib, or the 
peculiar saddle-like shape of the leaf. 
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Espe^imeiital Observations on certain British Heteroecioiis 
Uredines. By Charles B. Plowright, E.L.S. 

[Read 5th May, 1887.] 

PucciHiA Phalaridis, h. sp. ; soris iniiiutis, punctatis, vel * 
liiiearibus, nigris, epidermide tectis; sporis Isevibus, brimneis, 
sessilibns vel perbreviter pedicellatis, quadratis vel infra attenn- 
atis, trimcatis vel supra conglobatis, interdum oblique capitatis, 
pauhilnm constrietis. 

I. JEJcidiospores. — Cups mostly hypopliyllous, in circular 
clusters on yellowish spots, not very prominent, with whitish, 
rather torn edges. Spermogonia appearing first upon the upper 
surface of the leaf centrally, then surrounded by the cuj)S. 
Spores roundish, yellow, 20 to 25 mk, 

II. Uredospores. — Son* orange, elongated, oval, oblong, or 
linear, small, sometimes confluent, at length naked. Spores sub- 
globose or oval, orange-yellow, echinulate, 20 to 25 mk. 

III. TeJeiitospo7'es. — Sori minute, punctate, or linear, black, 
covered by the epidermis. Spores smooth, brown, sessile, or 
with very short pedicels, quadrate or attenuate below, truncate 
or rounded above, sometimes obliquely capitate, slightly con- 
stricted. The spores are surrounded by a bed of dark brown 
tissue, the individual fibres of wdiich are not easily demonstrable ; 
40 to 50 mk. long, by 15 to IS mk. wide. 

I. JUcidiim Ari, Desmaz. Catal. des Plantes omiss. 1823, p. 26 ; 
Cooke, Handb, p. 545. On Arum maculatum^ L, 

II. and III. On !PliaIaris arundinacea, L. 

One of the more uncommon of our British Uredines is the Adci- 
dium which occurs in spring and early summer upon macu- 
latum. This is the more striking because, not only is the host plant 
abundant, but also from the nature of its foliage and the manner of 
growfih of the JEcidium ; the latter, when it does occur, is very con- 
spicuous, and hence unlikely to be overlooked. It is accompanied 
by no other spore-form upon t}xe>Arwmy and is regarded as an he- 
teroe cions species, the affinities of which are unknown. During 
the months of May and June, 1884, 1 was fortunate enough to meet 
with in a lane at Gray ton, near King’s Lynn. This 

lane is about two miles long, and on both sides of it the Arum 
was growing in abundance ; but in one spot, and in one spot only, 
extending for not more than a dozen yards, could the Mcidium 
be found- Eepeated visits to the spot, and a careful esamination 
of the Grasses and Carices in its immediate vicinity, led to the 
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conclusion tliat tlie corresponding spore-forms probably occurred 
upon jBlialaris anmdinacea. There was only one cluster of 
grass in the lane, and this was at the spot where the ^cidium AH 
^occurred. Moreover, the Plialaris was affected very extensively 
with a Puecmia. Upon microscopic examination these teleuto- 
spores corresponded so closely with those of P. sessiUs, Sclm., as to 
be practically un distinguishable from them in form and size — the 
only point of difference being that in nay plant the teleutospores 
were surrounded by a bed of dark brown tissue, very much like 
that of P. ruhigo-vera, but the individual hyphse were not at all 
easy to sex^arate. Although this character is not mentioned in con- 
nexion with P. sessilis, yet it might be due to some accidental 
condition of growth ; so that I was, at first, rather doubtful as to 
the possibility of my j)lant being connected with the AJcldmm of 
the Arum ; for P. sessilis has been proved to have its secidiospores 
upon Allitm ursiniim. On the other hand, I had previously met 
with a Puccinia on Plialaris, near King’s Lynn, which I had 
always taken for P. sessilis ; and had, ux)on more than one occa- 
sion, tried to infect Allium iirsinum wuth it, but always without 
success. In fact, the connexion between JEcidiwm Allii and 
P. sessilis had al\^ays been a jjuzzle to me, for the AJcidium does 
not occur in this locality, although the sii|)posed P. sessilis does. 

On 25th April, 1885, a series of cultures were made with the 
Puccinia on Plialaris, from Gay ton, upon seven plants of Arum 
maculaium. In the course of eleven days the spermogonia began 
to manifest themselves and, in due time, the AJcidiun, Con- 
versely, a number of cultures were made with the spores ofAdcidium 
Ari on Plialaris, which gave rise to the Vredo and Puccinia, The 
Uredo, furthermore, was found to differ from that of P. sessilis 
in having yellow instead of brown uredospores. A duplicated 
experiment was also made, in w^hich a quantity of freely germi- 
nating P«cci?^^Vspores was divided into two portions, one of 
which wus placed on a plant of Arum maculatum and the other 
ii-pon several plants of Allium iirsinum. The Arum became af- 
fected wdth the AJeidiuin, hut all the Allium plants remained free. 
Hence it is evident that Aleidmm Ari is an heteroecious uredine, 
having its corresponding uredo- and teleutospores upon Plialaris 
arundinaeea ; and that it is specifically distinct from the plant 
described by Schneider as Puccinia sessilis, from which it differs 
in having yellow uredospores and in the teleutospores being 
surrounded by a dark brown bed of tissue. The two Puccmiee 
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otherwise so closely x'esemble each other as to he practically 
iBclistinguishahle. Suhjoinecl is a tabular summary of the 
cultures made to establish this. 


No. 

Infecting material. 

Plant infected. 

Bate of 
infection. 

Bate of first 
result. 

482. 

Puccinia PJialarkUs. 

Arum 7nacidatum. 

25 April 

6 May 

483. 



7 M.1V 

4S4. 



99 

10 May 

485. 



99 

11 May 

483. 

>3 33 

31 99 

99 

10 May 

■±o/ . 

488. 

3 3 33 

” ” 


33 

so April 

11 May 

508. 



15 May 

300. 



20 May 

510. 

JEcidiiini Ari. 

Phalaris amndinacai. 

2 ]\Iay 

12 May 

557. 

)> 3 9 

3? 33 

20 May 

10 Juno 

558. 

5> JJ 


99 

>9 

{ 550. 

)J 39 

33 53 

99 

99 

1 5(>0. 

99 3 J 

13 53 

99 

99 

531. 

'9 9 9'» 

>3 5 ? 

” ! 

)9 

533. 

99 99 

39 99 

>3 13 

33 33 

99 

99 

.534. 

39 93 


,, 

99 

565. 



99 

20 J unc 

! .563. 

39 9 9 

31 13 

99 

537. 
.503. 1 

i Piiccima Phcdaridis. 

55 15 

Allium ztrshiWiL 

25 April 

9J 

504. J 

37 35 

Arum 'niaoulatum, j 

51 i 

11 May 

104. 

33 3? 

Allium icrsinum. 

20 Feb. 

129. 

33 33 

99 99 

1 May 

— 

157. 

3, 

99 99 

20 May 

— 


PxJCCiNiA AEEKARiicoLA, u. sp. ; soris parvis, uigris, nudis, 
linearibus vel eloiigatis, plerumque hypophyllis; sporis loiigos 
pedicelios prmditis, Isevibus, nullis, oblougisve cuueiformibus. 

I. j^cidiospores , — Spots circular on the leaves, elongated on the 
stems, yellow, surrounded by a purple margin. Cups mostly 
hypophyllous, rarely epiphyllous, edges whitish, prominent, torn, 
everted. Spores subspherical or polygonal, smooth, yellow, 15 to 
20 ink. 

II. Uredospores . — Sori brown, eimmpent, linear or oblong, 
about *5 mill, long, surrounded by the torn epidermis, seated on 
yellowish spots. Spores globose or suboval, brown, finely echinu- 
late, 18 to 20 mk. 

III. Teleii^fospores . — Sori small, black, naked, linear or elon- 
gated, mostly hypophyllous. Spores on long pedicels, smooth, 
dark browm, oblong or cuneiform. The ujpper cell usually darker, 
rounded and thickened above ; lower cell somewhat attenuated, 
constriction not very marked ; 40 to 50 mk. long, by 20 mk. wide. 
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I. On Oentaitrea nigra^ L. II. aud III. On Garex are- 
naria^ L. 

On the sea-shore, Hemshy, Norfolk. 

The Carices as a family are the hosts of many species of Fiw- 
Gimce. Thus in Europe they harbour Fuceinia Qaricis^ Schura., 
P. Magnus, F. sglmticcB, Schrdt., P. microsom^ Korn., 

P. cancieoUj F c¥i., P. mclgim, Schrot., P. cUoica, Magnus, and 

P. Bcliodleriana^ Plow. 

Ill this country we have P. Caricis^ Schum., upon Qarexliirta^ 

Q. riparia, and probably other species ; and P. Sclmleriana^ Plow., 
on Oarex arenaria. This last-named species is, so far as at pre- 
sent known, confined to G, arenaria. Its life- history has been 
already worked out by a series of experimental cultures, which 
established its distinctness from P. Garicu. It has its mcidio- 
spores upon Seneoio Jacohcea {GEcidiuin tTacohcew^ G-rev.). The 
details of these cultures have been published elsewhere 

lu the summer o£ 1884, the Eev. Canon Du Port sent me a 
leaf of Centaitrea nigra affected by a fine ^cuUtm, which he had 
gathered on the sea-shore at Hemsby, on the Norfolk coast. No 
record of an JSckliicm on this host-plant being known to me, I 
was much interested in its life-bistory. De Candolle f, it is true, 
has described an jcEcidium on Qentaurea Cganus, but tins is 
clearly not the fungus in question. In July 1884 a visit was 
made to Hemsby aud a number of specimens collected. Cefi-^ 
taurea nigra is very frequently affected with a Uredo and Ptfc- 
cinia ; but always, hitherto, these spore-forms have been un- 
accompanied by any JEddmm. Hence the presumption was that 
the Hemsby ^Fcidium was unconnected with the above Fuccinia^ 
and that it was an heteroecious species. A. careful examinatiou 
of the Hemsby Gentaurecs failed to disclose any Uredo or Fiic- 
cinia upon them, although the Mcldium was abundant in all 
stages. An examination of the surrounding Grasses and Carices 
failed also, at this time, in throwing any light upon the subject. 
On 14th August, 1884, another journey w^as made to the spot, 
which was more successful. No Uredo or Fuccinia could be 
found on the Gentaiirea ; but upon Garex arenaria^ which grew 
in the immediate vicinity, a Uredo and Fuecinia were abundant. 


* Plowright, “On the Life-History of certain British Heterceeismal TTredines/’ 
Quart. Journal of Micro. Science, n. s. -vol. xxv. pp. 167-170. 
f De Candolle, Flora Fran?, vol. v. p. 90. 
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TMs Buccmia differed from P. Schoeleriana in its smaller sori and 

its nredo'Sori causing much less discoloration of the affected 
leaves. Specimens of the Bicccmia were carefully preserved 
during the winter under such conditions as I had previously^ 
found most likely to ensure free germination in the following 
spring Towards the end of March (1885), the Fuccinia-^-^oie^ 
began to germinate ; and on 81st March a number of freely 
germinating spores were placed upon the unfolded leaves of a 
plant of Ceiitaurea nigra. It was not until the 21st April, how- 
ever, that the JEcidkmi showed unequivocal signs of its appear- 
ance. This long period of incubation on the part of the parasite 
is quite in accordance with my previous experience of cultures 
made during the colder seasons of the year. The next culture 
was on the 8th April, when nine separate plants of Centaur ea 
were infected with the Buccinia, on all of which the jBcidium 
had begun to appear in ten days. Similar cultures were made 
on 12th May, 1885, and 24th May, 1886, all of which w^ere 
followed hy the same result. 

The converse cultures, of placing the secidiospores from the 
Centaur ea on Gareoo arenariai'^&remdbdie on the 12tli and 15th of 
May, and were equally successful, the Uredo appearing on the 29th 
May and 6th June respectively. In due course the Uredo was 
followed by the Biiccinia. Further, these pucciniospores of 1885 
again gave origin to the ^cidium in 1886. It was, however, further 
necessary to establish the distinction of Buccinia arenariicola from 
the other two British affecting Buccinim — P. Gar ids and 

(especially) B, ScJicelermia, the latter occurring on C. arenaria. 

With this object several duplicated cultures were made iu the 
following manner : — A quantity of the spores of B. arenariicola 
wei^e germinated in a watch-glass, one half of which were placed 
on a plant of Centa-urea nigra, and the other half on a plant of 
Benecio Jacolcea : the former gave rise to the JEeidkim, the latter 
did not. A converse duplicated culture was, in the same man- 
ner, made with the spores of JB. Bclimleriana, one half of which 
were placed on Benecio Jacohcea and the other half on Centaur ea 
nigra : the former gave rise to the j^cidium, the latter did not. 

Similar duplicated cultures were made with P. arenariicola on 
Urtica dioicaMidi. Centaurea nigra : the latter was successful, and 

* For the benefit of those botanists who are interested in this subject, I 
purpose at an early date to give a detailed account of the modic& ogerandi of 
performing these uredine cultures. 
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tlie former not. ConTersely, P. Caricis from C. hirta gave lise^- 
to the JEcidium Urticm, but not to the JEdcImm on Centaurea, ' 

It was thus conclusively demonstrated that P. arenariicola 
»is distiuct from both P. Carids and P. ScJiceleriana, 

Subjoined is a tabular summary of the cultures made, the 
duplicated experiments being bracketed together : — 


PuCCIKIA AEEXAEIICOLxl. 



Infecting material. 

Plant infected. 

Date of 
infection. 

Date of first 
result. 

466, 

Pucchiia aTemriicola. 

Centaiirca nicjra. 

31 March 

21 April 

477. 

35 }J 

35 35 

8 April 

18 April 

478. 


55 35 

35 

55 

479. 




55 

480. 

33 33 

S3 55 


S3 

530. 

5> if 

35 55 

12 May 

29 May 

633. 

3> 3J 

^cidium Centmrim. 


24 May 

6 June 

529. 

Carex arenaria. 

12 May 

29 Mav 

537. 

J» 55 

P'Uccin la ScJi cel crian a . 

55 55 

15 May 

! 6 J une 

501. 1 


Bcnccio Jacohcsa. 

25 April 

11 May 

602. 


3 5 >5 

Ccntaurea nigra. 

35 

— 

447. 


3 5 33 

Senccio Jacohcsa, 

15 Sept. 

26 Sept. 

447* J 


55 35 

Ccntaurea nigra. 

55 

— 

467. 


Puccinia amiariicola. 

53 5 5 

8 April 

18 April 

468. J 


55 3 5 

Setiecio Jacohma. 


— 

508. 1 


Puccinia Caricis. 

Centanrca nigra. 

1 May 

— 

509. J 


3 5 55 

Puccinia arenariicola. 

Urtica dwica. 

35 

18 May 

531. 1 


CentcLtirea nigra. 

12 May 

29 May 

632. 


55 55 

Urtica dioiea. 

- 

— 


The GrTMKospoEiJsaiA. 

It has hitherto been generally accepted that in Europe we have 
three species of Gymno&porangium which have their three corre- 
sponding secidiospores or Eoesteiise, namely : — 

1. clamrimforme == P. laceraia, on Grategm Owgaeantha. 

2. G. jumperinwn = P. comuta^ on Fgrm Aucuparia, 

8. G.fuscum = P. cancellata, on Fgrm commums. 

In May 1882, however, some cultures were made with these 
Ggmnosporangia which gave certain unexpected results, inasmuch 
as they showed that the jecidiospores were not confined to the 
three host-plants above named. It was found that G, clamrim- 
forme was capable of producing secidiospores on Egnis communis 
as well as upon Gratmgus Owgaeantlia^ and that G, Edbinm could 
give rise to a Mcestelia on Grafcegus Oxgacantlm as well as upon 
Fgrus communis. The life-history of the Ggmnosporangia there- 
fore is not so simple a matter as the experiments of CErsted would 

niHH. JOtJEK".— BOTAHr, TOL. EXIT. I 
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lead us to suppose. Erom the frequency with which (Ersted’s 
^periments have been repeated by continental botanists, it was 
remarkable that the above facts had not been already made 
known; and it became necessary, before tbe results of my experi-^ 
ments were published, that they should be confirmed by a 
considerable number of observations. Since 1881 some 90 
experimental cultures have been made with these Fungi, so that it 
cannot be alleged that my conclusions have been hurriedly made 
upon insnfficient data. During the year 1882 Eathay ^ published 
the results of a series of cultures made by him with the Gymno-- 
sjporangia, which are subjoined in a tabular form. It will be seen 
at a glance that these Dredines have their ascidiospores upon a 
number of host-plants, and that the original statements of (Ersted 
concerning them require a certain amount of modification. 


Bathay^s JEx^perimental Cultures with the Gymnosjyorangia. 


Positive Eesults. 

Teleuto^gores, 

Gymnosporangium fuseum, DC, 

{Tremella Sabines, Dicks.) 

Oymnosporangium juniperinum, Fr 

{Tremella juniperina, L.) 


Gymnosporaugium clavariseforme, BG. 
[Tremella clavariesformis, Jacq.) 


JEcidiospores on 
Pyrus commmiis. 

" P. Aueux^aria. 

P. Aria. 

^ Anielanchier vulgaris. 

PjTus Malus. 

^ P. vulgaris. 

' P. torminalis. 

P. communis. 
Oraticgus Oxyacantba, 
^ 0. monogyna. 


Negative Eesults. 


Gymnosporangium fusciim, BG. 


Gynmosporangium juiiiperimim, Fr. 


Gymnosporaugmm clayariicforme, BC. 


( Mospilus gcrmanica. 

0 ratmgus Oxyacantha. 

O. monogyna, 
j PyruB MahiB. 

P. Aria. 

I*, torminalis, 

i Mespilus gcrmanica, 
CratmgnsOxyaeantha, 
0. monogyna, 

Pyrus clomestica. 

P. torminalis. 
Mes^rilus gcrmanica. 
Pyrus Mains. 

P. domestica. 

P. Aria. 


From which it appears that Eathay was unable to discover 
which of the Gymnos^orangia produced the Eodstelia on Mespilus 


^ Baihay, ‘ Dntersuchungen xiber die Spermogonien der Bostpilze/ Wien, 

1882, PPA20-22. 
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germmiica^ nor did lie obtain any result with (x, fuseum except ^ 
upon JByrus commu7iis, 

Gy77inosporangiw7i clamrimforme, DC. 

In 16 separate experiments in winch I placed the spores of 
G* clavwriceforme on Qo'otcdgm Oxyacantha^ the 'Roestelia was in 
every case produced. Such an unbroken series of successful 
cultures is, to say the least of it, remarkable, for in the ordi- 
nary course of events one expects a certain percentage of failures 
from accidental circumstances. It is evident, however, that this 
Gynmosporangiu77i very readily attacks Q. Oxyacajitlia. On the 
other hand, in 7 cultures with this Giji7i7iospora7igium on JPyrus 
co7n77itmis, only two were successful (Exp. 24 and BII). The 
Roestelia thus produced on Ryrus is clearly distinct from that 
known as R. cancellata (from G,fiisou77i) in the form of its peridia, 
&c. With G, clavaricefoT77ie on Ryrus Mahcs and P. Aumparia^ 
in the limited number of cultures made, no result was obtained. 

The converse culture of the Roestelia on JuTiiperm co7m7imiis 
is one that does not seem to have been often made, or, if made, 
the results are unrecorded. Hence the details of my experi- 
ments are appended. 

Exp. 410. A small seedling Juniper, about an inch in height 
and one year old, was on the 25th June, 1884, freely infected 
with the spores of Roestelia laoemta. On 1st July it was evident 
that the infection had been successful from the fact that a 
number of the leaves of the Juniper were turned yellow in 
places. These leaves during the autumn fell oif. During 
the following year (1885) the base of the stem began to swell ; 
to such an extent did this swelling of the stem go, that the 
plant was killed by it during the winter of 1885-86. 

Exp. 411. Two healthy Junipers about a foot high were 
planted side by side in 1883. They showed no sign of being 
affected with the Gymnospo7'angiw7i. On 25th June, 1884, one of 
them was infected freely with the spores of P. laceraia, the other 
being covered by a large bell-glass to prevent accidental inocula- 
tion. On the 8th July many of the younger leaves began to 
turn yellow ; these during the summer and autumn fell off ; so 
that in the spring and summer of the following year (1885) the 
infected plant had such a peculiar habit of growth that a casual 
observer could not fail to notice the contrast between it and the 
control plant. In December 1885 the bare places on the branches 
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from whicli tlie infected leaves had fallen showed marked 
^veilings ; these contimied to increase ; and from them on 1st 
April, 1886, were developed the characteristic Q-ijmnosporangmm 
clavariaforme. Thus it is evident that two years are required 
for the development of the Gymnosporangiiim from the time the 
Mmstelia-^'^om'6 enter the leaves until the teleutospores are 
produced. 

GtTMKO SPOBAKOI UM cl AVABI iEEOBME . 


Ko. 

Infecting material. 

Plant infected. 

Date of 
infection. 

Date of first 
result. 

4. 

G-. clavaricefo7inc. 

Cratcegm Oxyacantlia. 

6 April 

24 April 

5. 

JJ 


7 A*pril 

15. 

„ „ 

?J 55 

17 April 

6 May 

27. 

JJ JJ 

35 35 

11 May 

21 May 

161. 

M 


2 dune 

11 June 

316. 

317. 

JJ JJ 

JJ JJ 

33 53 

55 35 

24 April 

10 May 

318. 


JJ 



319. 

.. 




320. 

JJ JJ 




349. 

JJ JJ 

JJ JJ 

16 May 

29 May 

376. 

JJ JJ 

JJ JJ 

28 May 

7 June 

491. 

j j JJ 

JJ JJ 

25 April 

55 

5 May 

492. 

JJ J J 

JJ JJ 

10 May 

628. 

JJ JJ 

JJ JJ 

18 May 

29 May ■ 

639, 

JJ JJ 

JJ 

9 June 

24 Juno 

410. 

Rcestelia laccrata. 

Junipcnis comimmis. 

25 June 

1 July 

411, 

G. clavaricpforrae. 

JJ JJ 

10 May 

8 July 

24. 

Pyms commu7m. 

3 June 

28. 

JJ JJ 

JJ JJ 

11 May 

— 

160. 

JJ JJ 

jj JJ 

2 June 



344. 

JJ JJ 

JJ JJ 

16 May 

27 May 

490. 

>> JJ 

JJ JJ 

25 April 

— 

640. 

J* JJ 

JJ JJ 

9 June 

— 

641. 

JJ JJ 


16 May 



345. 

JJ JJ 

Pj/rm JMahts. 



348. 

JJ 

P. Atiouparia. 

— 


Gymnosporangmm jimiperirmniy Er. 

This fungus does not occur near King’s Lynn. I have to thank 
my friends the Eev. Dr. Keith, of Torres, and the Eev. John 
Stevenson, of G-lamis, for sending me material from Scotland. Had 
the fungus occurred nearer, more experiments would have been 
itiade with it, and most likely with a greater degree of success. 

3^ 7 experiments the Gymnosporangium was placed on I^yrm 
Aucir^aria^ and in five the Boastelia was produced. In some of 
these tYperiments more than one was infected ; in 

one inskfmce, in which the Bmsielia'ss^ti^ abundant upon the leaves 
in the aufip.mn of 1882, I observed in the following April a single 
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leaf bearing spermogonia. Tliis is tBe only case in all my cultures 
in whidi the secidial mycelium did not perish during the winter,.. 
Unfortunately the spermogonia were employed for another experi- 
ment, so that it is uncertain whether the HcBBtelia would have 
been subsequently developed. It is most likely that a bud was 
infected by one of the promycelial spores, as the experiment was 
made rather late in the summer of the preceding year. 

Three experiments with G-, juni^erinum on Fj/rus Malm and 
one on Fyrm vidgarh were without result. 


GrYMlVOSPOEA^iraiirM JUIflPERIiTirM. 


m. 

Infecting material. 

Plant infected. 

Bate of 
infection. 

Bate of iirst 
result. 

43. 

G. jimiperimm. 

8orhm Aumyana. 

29 May 

25 June 

44. 

45, 

35 JJ 

55 55 


21 June 

63. 

53 55 

55 55 

12 June 

16 August 

73. 

5 5 55 

53 55 

18 June 

1 July 

408. i 

55 55 1 


23 June 

409. ! 

5 5 55 

Fynis Mains, 


2 July 

407. 

55 55 

22 June 

— 

426. 

55 55 

35 35 

7 July 

— 

429. 


55 55 

8 July 

— 

430. 

55 55 

P. vulgaris. 

55 

— 


Gymnosporangium fmcuTB, DC. 

It has hitherto been generally accepted that this Gymno- 
sporangium has its mcidiospores exclusively confined to Byrus 
communis, as was originally demonstrated by (Ersted. The 
experiments of Bathay also tend to confirm this, as he was unable 
to produce any secidiospores for this Gymnosporangium upon the 
six last plants previously enumerated in the table of his negative 
results. In some cultures which I made in May 1882, however, 
I found that G, f mourn was capable with me of giving rise to 
mcidiospores upon Gratcegm Oxyacantha. At the time I regarded 
this result as possibly arising from some accidental admixture of 
foreign spores ; and before venturing to publish results at variance 
with preceding investigation I considered it necessary that my 
cultures should be many times repeated. In my investigations 
into the life-history of G,fuscum, 53 separate cultures have been 
made. In 30 cases G.fuscum was placed on Craicsgus Oxyacmtha, 
86 per cent, of which were followed by the appearance and 
development of a Boestelia. There can be no question therefore 
that G.fuscum, as it occurs in this neighbourhood, has secidio- 
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spores upon Hawtliorn, wliich result was oMained 26 times out 
' of 30. Tlie question presents itself. Are tliere two species of 
Gymmsporangium upon Junipervs ^aiincB, as tliere are npoli 
J. communis ? Simple as tMs question appears to be, it is by no 
means so easy to answer it. Had tliis been the case, I sliould 
not baye needed to perform 53 cultures. 

Intbe first place, Hoes tbe Boestelia on Cratcdgm produced from 
G.fuscim difier from the Boestelia from G. clamriceforme ? It is 
important to settle this point, because it might be alleged that 
these two Gymnosporangia were the same plant, differing only 
from each other in such, particulars as may be due to the diff'er- 
ences of their respective host-plants. The Boestelia on Gratmgus 
from G, fuscim differs from that of G, clavariceforme in the 
following points : — (1) the spermogonia are produced on more 
brightly coloured spots ; (2) the spores are rather smaller ; (3) 
the cells of the pseudoperidia are marked with delicate reticula- 
tions or longitudinal wrinkles, whereas those of G, clavariceforme 
are dotted with minute elevated points. 

With regard to G.fuscum, Kbrnicke several years ago, pointed 
out that the fungus as he found it near Honigsberg differed very 
materially from the description given by He Candolle f. Inj.. 
Kornicke’s plant the masses were thin and gelatinous, and dried 
upon the branches in thin laminae ; whereas He Candolle speaks 
of his pliant as being but little gelatinous, having a velvety 
exterior, and when broken in the dry state, the interior is white 
and cottony. Hut even this does not help us, for the plant, as I 
find it here, answers while young to He Candolie^s description, 
and when old, especially in rainy weather, it agrees with Hor- 
nicke’s. Still I am of opinion that there are two species of 
Gymnosporangia in G.fusmm, although, up to the present, I have 
been quite unable to separate them. 

With regard to the cultures of G, fusemn on Pyms communis, 
19 experiments have been made, of which 13 were successful, 
while 6 failed. This large proportion of failures looks very much 
as if there was a second species which does not have its secidio- 
spores on Byrus. furthermore, in my earlier cultures made in 
1882-83, I had a larger proportion of successes than I have had 
since, that date. My earlier cultures were principally made with 
materijal from a Sabine hush which died in 1884 It must he 

\ ^ Komicke, * Hedwigia,’ 1877, p. 25. 

t De Candolle, Flor. Frang. vol. ii. p. 217. 
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remembered, however, that, as Eeess^ pointed out in 1870, 
G. fuseum bas two forms of teleiitospore, one much darker in ' 
colour than the other and less abundant. I find these two spore- 
forms constantly mixed together in the same jelly“masses, and that 
the paler spores germinate at once upon being placed in water, 
but that the darker ones do not. G. fuscim gave rise, in Exp. 
522, to the Mcestelia on germamca ; but, owing to the 

difficulty of obtaining suitable J^es^^7^^s-piants, I have not been 
able to repeat the experiment. 

"W it\i Fyrm Mcdiis duudi Fyrus Aucuparia, in the small number 
of cultures I have made, my results, like those of previous 
observers, have been negative. 

Unsatisfactory as these observations are from one point of 
view, yet it is desirable that they should be put upon record. 
Prof. Earlow, who is engaged upon the study of the life-history 
of the American Gymnos]porangia, which species are far more 
numerous there than is the case in Europe, has also found it 
exceedingly difficult, so that I have the less compunction in 
publishing the results of my own observations. 


GrTMJS'OSPOEAKGlTJM PUSCUM. 


Ho. 

Infecting material. 

Plant infected. 

Date of 
infection. 

Date of first, 
result. 

2. 

G-ymnospor, fiiscum. 

Fynts communis. 

19 April 

6 May 

6. 

}) n 

JJ JJ 

7 April 

24 April 

10. 

}f jj 

j> JJ 

14 April 

6 May 

25. 



11 May 

11 June 

126. 

jj }» 

j» JJ 

29 April 

— 

127. 



JJ 

— 

185. 



12 June 

2 July 

18{). 


JJ JJ 

JJ 

JJ 

507. 


» 

30 April 

— 

535. 



12 May 

— 

569. 


i 

3 June 

— 

353.^ 


5) J> 

53 33 

Cratccyus Oxyaca7ifha. 

18 May 

— 

354. 


}} ii 

JJ 

1 June 

355. 


}) 

JJ JJ 

>} 

7 June 

356. 


JJ 

Tyrits Malus. 

JJ 

— 

357. 


}> JJ 

P. Auouparia. 

JJ 

— 

493.] 


5» JJ 

Cratisyiis Oxyamnfha. 

25 April 

7 May 

494. 


JJ JJ 1 

JJ JJ 

jj 

5 May 

495, 


! 

JJ JJ 

J5 JJ 

j) 

10 May 

496. 


JJ , JJ 

Tyrus oo?nmunis. 

f 29 April 

— 

691.1 

1 

JJ JJ 

Crat<Bgus Oxyacaniha. 

7 May 

592. 


jj JJ 

Pyms cormmmis. 

t JJ 

— 

593. 

JJ JJ 

Ctatrngm Oxyacmitha. 

f 30 April 

9 May 

594. 

JJ 

Pyrus commimis. 

1 .. 

— 


^ Eeess, Ahh, d. naturf. G-es. zu Halle, 1870, p. 65. 
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G-tmuospobahoium EtrscuM (continued). 


m. 

Infecting material. 

Plant infected. 


Bate of 
infection. 

Date of first 
result. 

1 

f507. / 

Gymnospor. fitscum. 

5? )) 

Pyrns cammmiis. 
QratcsguS OxyacantJia. 


r IMay 

35 

11 May 

10 May 

()18. 1 

35 5J 

35 35 


23 May 

619. j 


Pyrus commmiis. 


. „ 

30 May 

624.1 


Crat(syits Oxyacantha. 


18 May 

1 June 

625. J 


Pynis commimis. 


. ,5 

— 

626. 1 

35 •> 

OratcBgiis Oxyacantha, 

J 

r IS May 

— 

627. J 


Pyi'iis CQimnunis. 


L 5, 

18 May 

— 

029.1 

„ „ 

(JraUfgiia Oxyacantha, 


29 May 

630. 1 

55 55 



35 

28 May 

631. f 


JJ >J 



29 Mtiy 

632. J 

53 55 

33 53 


J? 

31 May 

22. 

■^1 >5 

3J 


10 May 

20 May 

23. 

53 35 

55 35 


33 

5? 

4 June 

26. 

>5 35 

55 55 


11 May 

41. 

IS 35 

35 is' 


25 May 

11 June 

125. 

13 35 

35 55 


24 April 

— 

159. 

55 3 3 

55 5 5 


2 June 

— 

523. 

35 33 

55 55 


7 May 

17 May 

35 

524. 

33 33 

55 33 


?? 

525. 

55 33 

35 35 



3) 

526. 

33 IS 



5> 


527. 

55 35 

35 35 


V 


528. 

55 55 

55 35 




534. 

55 55 

55 35 


12 iiay 

24 May 

570. 

35 33 

3 5 55 


3 June 

— 

506. 

35 35 

I 53 55 

Pyncs Mains. 

! 

28 April 

19 May 

186^. 

33 35 


12 June 

— 

522. 

35 33 

Mespiliis gevmanka. 


7 May 

20 May 


Analysts of 91 iEa^perimental Cultures with the QymnoBpormigia. 


No. of 
Esps. 

Infecting materia] . 

Plant infected. 

Successes. 

Failures. 

19. 

Gyinn. fiimm. 

Pyrus cojnmwiis. 

13 

6 

30. 

31 33 

(Jmfcegus Oxyacantha. 

26 

4 

1. 

S3 3’ 

Mcspilus germmiica. 

1 


2. 

33 35 

Pyrus Malus, 


2 

1. 

35 5 3 

Gymn. clavaria^forme. 

B. AiiGuparia. 


1 

10. 

Oratmgiis Oxyacantha. 

16 


7. 

33 53 

Pyrus communis. 

2 

5 

1, - 


P. 3/ah(S, 

... 

1 

J. 

13 15 

P. Aucuparm. 


1 

7. 

Gymn. jimiperimm. 

P. Malus. 

*5 

2 

a 

55 53 


3 

1. 

35 33 

P. vulgaris. \ 


1 

2. 

Bcestelia lacerata. 

Juniper us communis. \ 

*2 
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The G-entians : Notes and Queries. y 

By T. H. Huxley, F.E.S., B.L.S. 
t [Head Tth April, 1887.] 

(Plate II.) 

I HAPPENED to spend some six weeks, from the end of July to tue 
beginning of September 1886, at Arolla (a locality situated at 
the head of one of the southern offshoots of the valley of he 
Ehone near Sion), 6400 feet above the level of the sea. During 
my wanderings about the woods and pastures which clothe the 
sides of the valley from, this level to the snow-line, a couple of 
thousand feet higher, my attention was attracted by the charac- 
teristically alpine vegetation, and more especially by the Gen- 
tians, of which some species, such as Gejiticma fwr^urea and 
G. caynpestris, were very abundant. G. verna and G. acaulis 
were also by no means uncommon ; but the latter had almost 
ceased to flower. 

It is well-nigh forty years since I occupied myself with syste- 
matic botany ; and I had no works of reference at hand except 
Gremli’s ‘ Dlore analytique,’ which I happened to have bought 
at Lausanne, and Eapin’s ‘ Guide des Botanistes dans ie Canton 
de Vaud,’ which a fellow-traveller was kind enough to lend me. 
But the extraordinary amount of variation which presented 
itself when I compared considerable suites of specimens with the 
diagnoses and descriptions in these works struck me so much 
that, all unanointed and unannealed ” as I was in systematic 
work, I was tempted to see what I could make out of the facts 
for myself. In truth, the Gentians took hold of me rather than 
I of them ; and I have been more or less their bondservant ever 
since. Beginning with Qentiana purpurea, I found that I could not 
understand that form without knowing something about the rest 
of the species of Gentiana ; and, by a parity of reasoning, a know- 
ledge of Geyituma involved that of the other genera of the Gen- 
tianeae. So that, since my return to England, I have been led to 
make a rapid survey of the whole Order ; and it is the broad 
results of that survey that I wish to lay before the Linnean 
Society. 

I have to thank the Director of Kew Gardens for the free use 
of the splendid herharinin under his charge. It affords the means 
of carrying out the investigation I have attempted much more 
thoroughly ; and I am well aware of the incompleteness of the 

LIOT. JOUE2T. — BOTAjVY, TOL. XXIT. K 
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observations I venture to offei\ Eut, at present, it is needful for 
ine to turn my attention to otlier things ; and if I venture to 
bring forward so inij)erfect a piece of woi'k, it is in the hope that 
it may he taken up and finished by more competent hands. ^ 

Every botanist is aware that the Gentianec© constitute one of 
the most natural and well-defined of the Orders of plants. The 
type of structure which runs through the five or six hundred 
species included in the Order undergoes but few and, for the most 
part, inconsiderable modifications. There are no trees and hut 
few shrubs among them ; a few are climbers ; and there are a few 
saprophytes. The oj)posilion, entirety, and palmati- venation of 
the leaves have hut few exceptions ; and it is very rarely that the 
flower departs from typical regularity. The chief distinctive 
characters of the groups into w^hich the Order is at present divided 
lie ill the flower, and indeed in the corolla ; since the form and 
proportion of the calyx, the occasional synanthery, and the 
greater or less intrusion of the placentse are characters which 
vary greatly from genus to genus. 

Under these circumstances, I have confined myself almost en- 
tirely to the study of the structure of the flower. I find that 
some seven or eight modifications of that structure are distin- 
guishable; and that these again fall into two series, each of 
which is characterized by a peculiar disposition of the nectarial 
organs, and presents a gradation of forms of the corolla from the 
rotate, or rather stellate, condition, through the campanulate to 
the extreme infundihulate character. 

In one of these series the nectarial cells are situated on 
the inner surface of the cup, from the edge of whicdi the lobes of 
the corolla proceed, and towards its basal end. Tliey are aggre- 
gated in such a manner as to form either a siugle patch, bisected 
by the vein %vhich becomes the median vein of a corolla-lohc ; or 
two patches, one on each side of that vein. I term the Gentianea) 
of' this series PerimeUiw. 

In the other series there are no such patches of secreting-cells 
visible on the corolla ; but in many members of the series there 
is a zone of Buch cells, which encircles the base of the ovary, and 
is therefore fiirnishea by tbe outer faces of the cax’pellary phyi- 
lomes, which are often raised into tubercles. In others, I have 
not been able to make sure of the existence of nectarial cells, 
either on the surface of the ovary or on the stemono-carpellary 
internode, which forms the actual bottom of the flower'Cnp. But 
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dried plants are very unfavourable subjects for tbe determination 
of points of this kind ; and as many of these flowers, which have 
no apparent nectaries, are known to be visited by honey-sucking 
insects, I shall for the present assume that honey-secreting sur- 
faces exist on the centi'al parts of the flower. In contradistinc- 
tion to the JBerimelitcB^ the Gentianese of this series may be 
termed MesomelHm- 

In the series of the J^erimelitce four modifications of floral 
structure are discernible. To these I propose to give the names 
of Actinantlie, Keraiantlie, Lopliantlie^ and StephanantJie. 

I. Actinantlie. 

The corolla is rotate or, if it is more or less campanulate, 
the sinuses which separate the lobes are very deep. The 
nectarial arese are single or double, and often concave in- 
wardly. There is no distinct gynophore ; but the ovary is occa- 
sionally ‘‘ stipitate that is to say, its basal moiety, which then 
contains no ovules and remains very narrow, constitutes an 
apparent stalk on which the dilated ovuligerous moiety is sup- 
ported. The margins of the lobes of the coroUa may be produced 
into longer or shorter deuticulations or laciniae ; but there are no 
filamentous appendages developed on the inner face of the corolla. 
The stigmatic surfaces are oblong-ovate. 

The species in which I have found this type of floral structure 
are : — 


A. 


E. 

Geiitiima 

Gentiana 

Gentiana 

anrea. 

primulaefolia. 

saxosa. 

lunbeliata. 

vaginalis. 

cerina. 

Moocroftiana. 

numniularifolia. 


detoBsa. 

saxicola. 



nmlticaulis. 


Jseschkea. 

incurva. 


Pk-iirogyne. 

Grisebacliii. 


Kxadeiius. 

gracilis. 

moiiieroides. 

ericoides. 

magellaiiica. 

])atagonica. 



* This term appears to me to be often employed ambiguously. It is 
applied, on the one hand, to coroUaj in which the cup appears to be formed 
merely by the confluence or connation of the bases of the lobes, and is not in 
any way marked off from the latter ; and, on the other hand, to corollas in 

e:2 
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In U^cadems tlie nectarial surfaces are lieinispliericallj de- 
pressed and bulge outwards, so tliat tbeir positions are marked 
externally by convexities of the corolla. Dr. G-risebacli Genera 
et Species Gentianearum/ p. 322) says of each fovea glandiili- 
fera,’’ that it is “ extns tantum conspicua, intus per petali siib- 
stantiam clausa but the real state of the case appears to me to 
be as I have stated it. ^ooaienus^ in fact, represents the first 
stage of a transition from Actinmithe to the next ty]3e. 

II. Keratantlie, 

This difiers from the preceding in no essential respect, 
except in the deepening of the nectarial concavities, in such 
a manner that their external walls project as long horns or 
spurs, which are sometimes directed downwards and sometimes 
upwards. Moreover, the lobes are relatively shorter, and the 
corolla is more or less campannlate. It is very possible, and 
indeed probable, that further inquiry may bring to light forms 
constituting a complete transition between Actinantlie and 
Keratantlie. 

The genns Kalenia is the only representative of this type. 

III. Lophantlie. 

Here, again, the corolla has fundamentally the same cha- 
racters as in Actinanthe ; and the only essential difference lies 
in the development of filamentous appendages, or fimbriae, 
from the inner surface of its cup. These fimbriae occur in 
different positions : sometimes they are parastemonal ; that 
is to say, they arise singly or in groups from a common base, 
along, or close to, the line of symphysis of the filaments of th^ 
stamens with the cup of the corolla- In this case they are some- 
times so minute as to he distinguishable only hy the aid of the 
microscope ; sometimes, on the other hand, they are so long as to 
extend across the interval between one series and another, and 
thus to form a more or less complete harrier acimss the interval 
between the ovary and the corolla. These fimbriae have already 
been noticed in some of the species in which they occur ; hut 

which the cup more or less closely embraces the ovary, and is even narrower at 
the summit than the middle. The physiological import of the two forms is very 
different ; and, morphologically, the latter are really bypocrateriform eorollffi 
with very long lobes. I use the term rotate ” in the first sense. 
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tliej liave been described as appendages of tke filaments of tlie 
stamens. I have looked into this point witk considerable care ; 
and, in all cases, I find that the fimbrise cohere with the corolla 
.and not with the filaments, if sufficient care is taken in sepa- 
rating the two. If the filaments are roughly torn away, on the 
other hand, some of the fimbrise may come with them, attached 
by flakes of the corolline epidermis. In order to remove all pos- 
sible doubt, it would of course be necessary to study the develop- 
ment of the fimbria. 

In other exemplifications of the Lo^liantlie type the fimhrim are 
^erinectarial ; that is to say, they are developed, not in longitu- 
dinal series parallel with and close to the stemono-pet aline sym- 
physes, but in close relation with the margins of the nectarial 
areas. 

The species in wffiich I have met with the Lophantlie modifica- 
tion are : — 

1. ’With ^arastemonal fimbriae. 


D. E. 

Gentiaiia Oentiana 

montana. montana. 

diemensis. concinna. 

pleurogynoides. 


cemua. 

Jamesonii. 

radicata. 

limoselloides. 

diffusa. 


A. 

Gentiana 

ciiiata. 

crinita. 

barbatiila. 


B. 

Gentiana 

foliosa. 

rupicola. 

Hookeri. 

fastigiata. 

cerastioides. 


2. With fimbriae. 

Swertia (Ophelia). 

Frasera. 


The fimbria of Swertia and Frasera are well known. In the 
Gentianm proper the only distinct account of them which I have 
met with is that given by Miiller (^Alpenblumen,’ p. 343, G. 
ciiiata)* The disposition of the fimbrise in the various species in 
which they occur is well worthy of a more careful and detailed 
study than it has yet received. In some species (e. g, Gentiana 
montmm^pleiirogpiokles, and nipiaola) the parastemooal fiinbrim 
are so minute as to suggest that they may be absent in some 
varieties, which would thus effect a transition between Lophantlie 
and Actinantlie* Sir J. Hooker (^Plora of Hew Zealand ’) has 
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already suggested tliat G. coneinna, saxosa, and ^leurogynoides 
may be varieties of G, montana. Perbaps it may be as well to 
mention tliat the niycelia of fungi, not infrequent in dried flowers, 
occasionally resemble fimbrise. r 


lY, Bteplianantlie. 

The corolla is elongated, cainpanulate, or infundibiilate ; 
tbe relatively short lobes becoming deflexed at right angles 
to the elongated cup ” in the fully expanded flower. J ust 
below the junction of each lobe with the cup, the inner 
wall of the corolla is produced into a transverse ridge, the 
free, slightly convex, edge of which becomes divided into a 
number of broad flat unequal lobes, and these, again, subdivide 
into approximately equal, flat, elongated and pointed pectinations. 
The longitudinal axis of these (in the species which I have exa- 
mined) is traversed by a vascular bundle derived from the veins 
of the corolla ; and, in this respect, they differ from the fimbriae 
of Lo;p'kanthe^ in which I have found no vascular bundles. Por 
the sake of distinguishing them from the fimbria3, 1 propose to 
call these structures, which constitute the well-known “corona,’’ 
fectines. 

It is easy to imagine that ilae ^ectines may have been derived 
from parastemonal flmbrige, by the transverse extension of the 
upper ends of the two series of such fimbriae until they met in 
the middle line, while the longitudinal part of each series be- 
came aborted; but I have met with no indication of the transi- 
tional forms bet'ween Loj>lianihe and Bte^liananthe which, on this 
hypothesis, must have existed. In Fmsera there are transversely 
disposed rows of fimbriae which have a certain, though not very 
close, resemblance to the pectines ; hut they are situated on the 
basal side of the nectaries and close to them, while the pectines 
are on the opposite side and far away from the nectaries. In the 
expanded fiower, the pectines are directed upwards and inwards, 
sometimes more in the one direction, sometimes more in the other. 
It would be very interesting to ascertain whether their position 
does, or does not, vary according to the state of development of 
the pollen and the stigmatic surfaces. 

The following species are referable to this type. Those marked 
with an asterisk are placed here on the authority of drisehach or 
of 'Weddell. 
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A. 

Geatiana 

Amareiia. 

caiiipestris. 

geriiianica. 

tenella. 

*^aunculata. 

'^'nana. 

^•'livonica. 

"^■'acuta. 

floribunda. 


B. 

Geiitiaiia 

iiniflora. 

nitida, 

"^iiidata. 

*thyrsoi(lea. 

'‘"crassoloeraa. 

'^tricliostemma. 

"^scopulosa. 

"^•fiiamentosa, 

'•'Ringii. 


These are all the types of floral straeture which I have met 
with in the Perinielitous series. It will be observed that, look- 
ing at them broadly, they present a general progress, so far as the 
shape of the corolla is concerned, from the stellate form with deeply 
divided lobes in, e. g., G. aurect^ to the iiifniidibiilate form with 
sharply deflexed lobes in, e. g., G. ccimiwsti'h ; and, so far as 
the difficulty of access to the nectaries is concerned, from the 
openness to all comers in the first case, to the hiding away at 
the end of horns in Keratanilie, the partial barring of the road 
in Lophanilie^ and the more complete obstruction offered by the 
corona in Ste^Jianantlie. 

In the series of the Ifesomelif^B the following modifications hare 
presented themselves : — 


Y. Asteranthe. 

The corolla is rotate, the cup being very short and the lobes 
very long. There are no plicae, fimbrice, or other appendages, 
and the expanded flower is widely open. 

I find this structure only in the genus JSustoma and in Gen- 
tiana luiea, I am unable to say anything definite about the 
nectarial surfaces in the former, except that there are none dis- 
coverable on the corolla. In the latter, they are well known to 
form a zone round the base of the ovary. aSTeither Uustoma nor 
Gentiana hitea are, theoretically speaking, satisfactory represen- 
tatives of the least modified forms of the Mesomelitous series. 
Por this purpose a Gentian with a flower like that of G. sa^cosa^ 
but with the nectaries ovarian, is wanted ; and I have not been 
able to find any which fulfils this requirement. In Eustoma the 
calyx and the ovary are specialized in the direction of the 
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type Tfliicli I sliall describe under tbe bead of Lissanthe ; and 
in Gentia-na lutea in tbe direction of I^tyclicmtlie. The spa- 
tbose calyx and tbe ovary of Gentiana lutea present points of 
strong resemblance to those of G, p^irpurea ; and tbe free bybri-# 
dilation, under natural conditions, of tbe two last-mentioned spe- 
cies is asserted upon apparently strong evidence. In my opinion, 
however, that evidence is by no means so conclusive as it looks 
at first sight ; and the facts of tbe case require careful and expe- 
rimental re-examination. 

It is of course possible that G. lutea may be an ally of G. ])ur- 
ptirea whicli has reverted to a less modified condition ; but at 
present I see no sufficient grounds for adopting that bypotbesis. 

VI. Limnanthe. 

The corolla is rotate and devoid of nectaries. The margins of 
tbe lobes may be laciniated ; or their surfaces may be beset with 
longitudinal row^s of fimbrise {Menyantlies). Tive, apparently 
glandular “bypogynous” tubercles are commonly developed at 
the junction of the walls of tbe ovary with tbe periantbiai cuj), 
wbieb is more or less adherent to tbe base of the ovary. 

A. B. 0. 

Menyantlies. 

Limnantliemum. Limnanthemiim. Limnantbemum. 

Villarsia. 

D. E. 

Liparopbyllum. Liparopbyllum. 

Limnantliemum. 

Villarsia. 

All systematic botanists recognize tbe aberrant character of 
tbe Menyantliem. But I do not find in tbe worts which I have 
consulted any notice of tbe circumstance that some of them, at 
any rate, present a more or less marked perigynj.- I have exa- 
mined only Limnantliemum indicum^ Menyantlies trifoliaia^ Vil- 
larsia cajjensisj and Lipa^^opliyllmn Gunnii ; but in all these tbe 
perianth adheres to tbe base of tbe ovary, and tbe adhesion 
becomes more and more extensive in tbe order in which tbe spe- 
cies have been named. 


VII. Lissanthe. 

The corolla is devoid of nectaries. Sometimes there are dis- 
tinct, apparently nectarial, tubercles on the base of tbe ovary 5 
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but, in tbe great majority, tlie presence or absence of nectarial 
surfaces bas yet to be determined. Many are said to have 
rotate ” corollsB ; but in all such which have come under my 
observation the corollse.are really hypocrateriform. Usually, 
the corolla varies from campanulate to long-tubed infundibulate 
forms; and the cup or tube is thin-walled, elastic, and pretty 
closely embraces the ovary. The filaments are inserted, some- 
times very low down, and sometimes very high up in the tube. 
In some cases the anthers are united round the style, and the 
stigmas form a circular disk above the synantherous staminal 
ring (Voyria). 

a, CorollsB short-tubed (hypocrateriform). 

LapUJiea^ JExacum^ Ghironia^ Sabhatia^ Dejamra. 

j3. Corollse long-tubed (infundibulate). 

CMora, Erytlir<jea, Ganscora, Goiitoubea, Frej^usa, LiBianikus^ 
Tacliiademis, Belmonfia^ Yoyria. 

Here, as in preceding cases, the principle of the observed 
modification is obAuously the interposition of obstacles in the way 
of access to the deep-seated portions of the cavity of the 
flower. In this respect, the flowers of Yoyria and those of the 
long-tubed ZmanfJius and Tacliiademis are models of obstruc- 
tiveness. 

I have examined species of the following genera : — 


A. 

B. 

0 . 

B. 

E. 

Erythrsea. 

Erythraea. 

Erythrsea. 

Erythrsea. 

Erythrsea. 

Chlora. 

Sabbatia. 

Sabbatia. 

Dejanira. 

Coutoubea, 

Prepusa. 

Tachia. 

Lisianthus. 

Voyria. 

Exacum. 

Sebsea. 

Belmontia. 

Tachiadenus. 

Chironia. 

Canscora. 

Sebsea. 

Canscora. 

Sebsea. 


The nature of the cup-like “ hypogynous disk ” of some of the 
“ Lisy anthem of Grisebach requires investigation. In the 
only species presenting this structure which I have examined, it 
appears to be formed by the coalescence of expansions of the 
bases of the filaments. 
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VIII. Ffi/cliantlie, 

Tlie corolla is campanulate or iiifinidibulate, never rotate. 
The wall of the tube, between the interlobular sinuses and the 
insertion of the filaments, is produced into a series of loiigitii^ 
dinal plications or “interlobes,” the folded edges of which pro- 
ject into the throat of the tube, and more or less completely 
divide it into a corresponding number of longitudinal passages. 
The free margins of the interlobes may extend as far as those of 
the lobes, and they may be provided with long lacinia?. In some 
species the anthers cohere into a ring round the style, below the 
stigma, whicli last may take the form of a disk. Very often, the 
stemono-corolline symphyses are produced into strong longitu- 
dinal ridges, which continue the direction of the interlobular 
folds, and, by abutting against the ovary, subdivide the basal 
moiety of the cavity of the flower into passages which continue 
those in its marginal half. The base of the ovary is often tuber- 
culate and clearly nectarigenoiis. The basal portion of its 
cavity is often devoid of ovules ; and, sometimes, is elongated into 
a narrow stipes, which, in certuin cases (e. g. Cratofurdia)^ attains 
a great length. 

This type of structure is found exclusively in those species of 
the genus Gentiana which are included by Grrisebach under the 
heads of Omlanthe, Tretorhiza^ Qi/ane, Gliondroi^liyllum, Thylacites ; 
in some of the Andicola ; and in the genus Cmivfurdla. 

I have specially examined the following out of the numerous 
species wdiich exhibit this type of structure, several in the fresh 
state : — 


A. 

B. 

0 . 

Gentiana 

Gentiana 

Gentiana 

veriia. 

sedifolia. 

pedicellata. 

prostrata. 

prostrata. 

zeylanica. 

sqiiarrosa. 

spathacea. 

Loureirii. 

asclepiadea. 

adsurgens. 


Andrew sii. 

rainosissiraa. 


affinis. 

Gayi. 


acaiilis. 

purpurea. 



Burseri. 

punctata, 

cruciata. 

nikoensis. 

Buergeri. 

Thunbergii. 

japonica. 

Crawfurdia. 
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Such are the types or leading modifications of floral structure 
which I have met with ; and such the evidence, taken together 
with the extant descriptions of the forms I have not examined 
personally, on which I base the conclnsion that they embrace all 
the most important morphological modifications of the corolla 
which the Gentianese ofier. It will he observed that, iinfortn- 
nately, they do not exhibit any particular relation to the received 
family, or even generic, groups. The accepted genus Gentiana, 
for example, exhibits no fewer than five of the eight types of 
floral structure ; while the Lissantlie type is exhibited by some 
five-and- thirty accepted ‘^genera.” If Frasera and Swertia 
are to be regarded as generically distinct from Ge?itiana, I fail 
to see on what principle G, mnarella and G. purpurea^ which 
differ at least as much from one another as Sioertia, Frasem^ 
and Gentiana do, can be grouped into one genus. Consider- 
ations of this kind, which might be multiplied indefinitely, 
obviously suggest a tborou^ti' revision of the taxonomy of the 
Order — a task whicli I certainly shall not presume to attempt, but 
which will, I hope, be executed by some one more fitted to take 
such a large and difficult piece of work in hand. 

Another important conclusion, which is naturally suggested by 
the facts to which I have drawn attention, is that the several 
types in each of the two series bear a certain progressive relation 
to one another. It is obvious that ActinantJie and Asferanthe are 
the simplest and least modified forms in each series ; that Ste- 
phananthe is the most differentiated of the Ferimelitm ; that Fty- 
clmntlienind. the more specialized forms of Lissanthe are the most 
differentiated of the IlesomelitcB ; while Lophantke and Kera- 
tanthe in the one series, LimnantJie in the other, constitute 
lower grades of differentiation, though they are nowise to be 
regarded as transitional between any of tbe others. 

* Tims, on purely morphological grounds and as a mere generali- 
zation of tbe facts, without the introduction of any speculative 
considerations, the relations of the various types may be repre- 
sented thus : — 
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Most differentiated- 


Least differentiated. 


Jp€frimelit(B. 


Mesomelitcs. 



Hajfiantlie, 
(Hypothetical.) 


Or, to pnt tlie facts in anotlier way, the seyeral types in each 
series may he regarded as modifications of a common plan, of 
which the simplest exemplification is to be found in Actinantlie 
and Asferanthe respectiyely. If so, it is an easy step to the con- 
clusion that both these are slightly diverse modifications of a still 
more simple, but, at present, purely hypothetical, common form, 
having the main features of Actinantlie and Asterantlie^ hut with 
the nectarial surfaces either feebly developed on both ovarian 
and corolline surfaces, or entirely absent. I will call this hypo- 
thetical “ Ur-gentian,” Sa^lantke. 

Thus far I have endeavoured to travel no hair’s breadth beyond 
matters of observation and their obvious relations. It is plain that, 
even if all the five hundred and odd species of Grentiane® had been 
created separately and raised in pots in the Garden of Eden, their 
morphological relations would have been exactly what they are. 
But, to a believer in evolution, the significance of these facts is un- 
mistahable . W ith whatever caution one may be inclined to regard 
phylogenic speculations, it is hard, in snob a case as this, to resist 
the force of the suggestion, that these morphological relations do 
really indicate the path which the evolution of the plants com- 
posing the Order has followed. At any rate, the evidence is 
strong enough to justify us in accepting this conception as a 
good working hypothesis. And there is the more justification 
for doing so, that, if we regard the morphological facts by the 
light of Sprengel and Darwin’s theory of the origin of flowers, 
they at once become intelligible. 
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lu foraging for information about tlie Gentians, immediately 
after my return to England, I took up Miiller’s ‘Alpenbiumen 
and I was exceedingly struck by the views put forward in the re- 
markable page and a quarter which he devotes to a Eiickbllck 
auf die Gentianarten ” (p. 318), and which 1 here translate : — 

The genus Gentiana is fitter than almost any other to fur- 
nish a biological explanation, from the arrangements in regard to 
fertilization, of the systematic grouping based on morphological 
indications 5 and to dispose the subdivisions of the system as 
branches of a parent stem. It is primarily divisible into two 
main branches, of wliich the one secretes honey from the lowest 
part of the ovary, the other from the lowest part of the corolla. 
If, then, two kinds of nectarial stimcture have arisen from an 
original uniform nectarial structure, the common ancestor of 
these two groups must have secreted honey, both from the base 
of the ovary and from that of the corolla, as is tlie case, e. y., in 
Bawifraga oppositifolia ; and thus, in the one group the one half, 
and in the other the other half, must have been specially developed, 
to the exclusion of its fellow. But it is also conceivable that the 
ancestors' of Gentiana were honeyless, and that the two forms of 
nectary have been developed independently. 

Of the one of the two main branches, we have a lateral twig 
remaining in G. lutea, which stands low down in point of deve- 
lopment^ and is certainly nearest the common stem. Like 
G. lutea, without doubt, the ancestors of the genus had fully 
open flowers, with almost free petals, and tempted the appetite 
of their fertilizers, either with perfectly accessible honey, in the 
angle between the ovary and the corolla, or only with pollen. In 
any case, they were open to the visits of very various insects, which 
therefore subserved cross-fertilization irregularly and, as it were, 
accidentally (as in G. luted) ^ so that the occurrence of such fer- 
tilization was by no means assured, and spontaneous self-fertili- 
zation in case of need could not be dispensed with. 

‘‘After the development of the nectaries, Bees, and especially 
Humble-bees, proved the most effective cross-fertilizers; and 
campanulate flowers adapted to them became developed. In the 
one branch, unbidden guests were excluded by the formation of 
deep passages {Saftlocher ) ; and, by the coalescence of the anthers 
into a ring round the style, cross-fertilization by Humble-bees 
was assured (Coelanthe^), In the other branch, fimbria of the 


* Ptychantke (mihi). 
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petals, at first, afforded an imperfect defence against useless 
visitors, and narrowing of the fiower ensured the contact of the 
Bees with the stigmas as well as with the anthers {Grosso- 
petalim^"). 

Subsequently, in the one main branch, under the conditions 
already indicated, the Coelanthe-fovi'n, adapted to Humble-bees, 
was bred into the adapted to Butterflies; 

whilst in a particular offshoot of the other main branch, the de- 
velopment of the pectines and the narrowing of the corolla 
around the ovary brought Butterflies as well as Humble-bees into 
service as cross -fertilizers {^ndotricJia J). 

‘‘ The original yellow colour of the flowers (as in G. lutea) wms 
gradually changed into blue by the selective action of Humble- 
bees ; and instructive intermediate stages of this process arc 
seen in the species of Goelanthe. But after the blue coloration 
was once fixed, tbe colour maintained itself throughout the pro- 
cess by which Butterflies, by unconscious selection, bred Cmlantlie 
into Cifclostigma.^^^ 

I confess that, when 1 first read this uncompromising applica- 
tion of the theory of flowers, originated by Sprengel and Darwin, 
to the case of tbe Alpine Gentians, I thought it somewhat rash, 
and gave it a very cool and sceptical reception, It occurred to 
me that if it was a valid explanation of the morphological cha- 
racters of tbe flowers at all, it ought to be applicable not only 
to those of the Alpine Qenfianm^ but to the whole genus ; and, if 
to tbe genus, then why not to the -whole order ? And the chief 
motive which has led me to spend a good deal of time and trouble 
in w'orhing over a considerable proportion of the species of Gen- 
tiana and of the genera of Gentianese, was the obvious importance 
of arriving at some conclusion respecting this question. 

I do not profess to have settled it ; hut, so far as I have gone, 
I have found nothing that conflicts with Muller’s extremely in- 

^ Lophanthe (mihi). 

t Vtpchcmihe (iDihi). 

I StcpJia7ianthe (mibi). 

§ Sir Joseph Hooker (‘Flora of IN ew iZealaud ’) observes that the pure hhie 
of the European and Himalayan Grentians is unknown in the Arctic regions 
and the higher latitudes of the Andes. The VTidespread G, mo 7 i(mia has pale 
wMtish-yellow flowers streaked with red or blue. These facts are interesting 
in relation to the primitive character of the Hovc-Zelanian, Australian, and 
Aiistro-Coluinbian Ctentians. 
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genious speculation. On tlie contrary, everytliing confirms it. 
As I have already remarked, tlie principle wliick underlies tlie 
progressive modification o£ the flower, in each of my series, is 
the gradual interposition of more and more obstacles in the way 
of easy access to the nectaries. Yet these obstacles, whether 
they arise out of a mere narrowing and elongation of the tube 
of the corolla, as in LissantJie, or out of the development of 
fimhrijB and pectiiies (as in ZopJianfJie and StepJiauantJie) , or of 
interlohes, synanthery, and discoidal stigmata (as in Zfj/cJiaiithe)^ 
are always of such a nature that they aflbrd no effectual hindrance 
to the passage of a thin and flexible organ, like the haustrum of 
a suctorial insect, hut only just sufficient obstacle to make the 
insect an efficient agent in cross-fertilization. 

Yew inquiries would be more interesting and profitable 
(though undoubtedly few more difficult) than the working out 
of the geographical distribution of the Gentianeie in relation 
to the Insect Yaiiuce of the several regions in which they occur. 

1 merely note that those Gentianem which have remarkably long 
iufundibiilate corollse are found in regions, such as Madagascar 
and Guiana, which are tenanted by large Lepidoptera provided 
with long haustra. 

Muller’s doctrine respecting the origin of the forms of the 
flower in the Alpine Gefitiancs appears to me to be equally appli- 
cable to the whole of the Order, and to supply a true cause 
whereby the morphological facts may be correlated aud explained. 

I do not suggest that the interaction of cross-fertilizing 
insects with the variation in the structure of the corolla 
accounts for all the characters by which the five hundred spe- 
cies of Gentianem differ from one another. Why one species is 
annual and another has a rhizome ; wffiy the great majority have 
opposite palmati-reined leaves, -while some have alternate or 
pennati-veined leaves; why the majority have a single-celled 
ovary, and yet, in many, the ovary is more or less completely 
t-vvo-celled ^ ; why most are herbaceous, while some are bushy and 

The partially, or wholly, two-celled ovary appears to be generally regarded 
as the result of the gradual introrsion of the margins of the carpellary phyl- 
lomes into the cavity of a primitively on e-celled ovary. But had 
a one-celled ovar}' ? Must not the apocarpous condition precede the synear- 
pous? Does not the state of the ovary in Apocynefc. and Asclepiadese rather 
suggest that the primitive Gentians (or perhaps, 1 should rather say, the primi- 
tive stock of all these orders) had an ovary like that of a hypogynous Saxifrage ? 
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some are climbers, are problems bardlj to be solved by the 
consideration of the causes which have brought about the mo- 
dification of the corolla. But I' hare little doubt that, with 
larger knowledge, analogous causes will be found to be operative 
in all these cases. One of the great lessons which Darwin has 
taught us is faith in the doctrine of sufficient causes ; and conse- 
quently hesitation in assuming that any structure, however slight 
or unimportant in appearance, is devoid of significance in relation 
to either present or past conditions of existence, the chief est of 
these being the struggle for existence with competitors, while 
climate and station probably occupy a very secondary place. 

Even in respect of geographical distribution — upon which 
climate and station are usually assumed to exercise so great an 
influence, — facts which have come under my notice in studying the 
G-entiaiis have led me to be a little sceptical as to the extent of 
that influence. 

At Arolla I never met with a specimen of Gentiana aemdis 
anywhere except in the region between the pine-woods and the 
snow-line. Yet this same species grows so freely in some parts 
of Southern England, as to be used for the borders of beds in a 
kitchen- garden^. The genus Mrythrma, which is notorious for 
the slightness of the difierences between its species,’’ is of 
wmrld-wide distribution. It occurs all over Europe, in the Sin- 
aitic Desert, in Egypt, in Hindostan, in the hottest parts of Aus- 
tralia, and in the moist temperate climate of New Zealand. 
Mr. G-unn, in a note appended to specimens of Gentiana mon- 
tana in the Kew Herbarium, says that tliis species occurs every- 
where, from the shore to the summit of the mountains. Gentiana 
cam^estris is said by Hooker and Arnott to be abundaiit in 
Scotland, especially near the sea.” It was no less abundant at 
Arolla from 6400 feet to the snow-line. 

In studying, with some care, the geographical distribution of 
various large and widespread groups of closely allied animals, 
such as the Carddcs, the Asfacomo?yJia, and freshwater Fishes, I 
have been much impressed by the necessity of a most minute 
study of their morphology as a preliminary to any atten^pt to 
deal with the facts of distribution. I think there is no greater 
mistake than to suppose that distribution, or indeed any other 
large biological question, can be studied to good purpose by those 

^ Lady Elizabeth Oust informed me that this was tke case at Cobham Park 
in her childhood. 
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wbo lack either the opportunity or the inclination to go through 
what they are pleased to term the drudgery of exhanstiye anato- 
mical, emhryologicai, and physiological preparation. 

Elaborate works on Distribution have been published which 
are of little more value than catalogues of reference, because 
their authors have been unaware of this necessity. And I may 
point my remarks by showing that even such a brief and im- 
perfect sketch of the minuter morphological characters of the 
Gentians as is here presented is fruitful of suggestions in regard 
to their Distribution. 

My studies of Animal Distribution have led me to the belief 
that the division of the land-surface of the globe into large areas, 
which corresponds most nearly with the broader facts, may be 
stated as follows. Europe, Africa, Asia, and North America as 
far as Mexico form one great province — Arctoma ; in which 
Fitra-Saliaral Africa, Madagascar, Hindostan, and Indo-China 
are more or less distinctly characterized as subprovinces. Eor 
my present purpose it will suffice to speak collectively of the 
latter as the Southern Arctogsea, in contradistinction to the rest 
of the province as Northern Arctogaea. South America, with the 
Isthmus, as far as Mexico, constitutes a second great province, 
AusTEO-CoLirntBiA; Australia with the adjacent islands a third ; 
while New Zealand and the neighbouring islets may be most 
conveniently regarded as a fourth. 

In mentioning the species of the various types of Gentianese 
which I have examined, I have arranged them under the heads of 
A, for Northern Aectogjea ; B, Attsteo-Columbia ; C, Southern 
Aectog-EA; D, Atjsteabasia ; E, N ovo-Zelakia. 

Adopting this scheme of four great distributional provinces, 
one of which is subdivided into two regions, the following pro- 
positions appear to me to bold good of the Gentianem : — 

1. Species of the Order are found in aU. five regions. They 
flourish within the Arctic Circle and np to the limit of perpetual 
snow in mountain-ranges. They also abound in sundry tropical 
climates, both moist and dry. The Lhmianthe type, represented 
exclusively by marsh- or water-plants, occurs in all the regions, 
and will not be further mentioned. 

2. The bead-quarters of tbe Order (if we consider the number 
of types represented) are in tbe North Arctogsealand the Austro- 
Columbian regions, both of which contain representatives of all 
the types. 

LINK. JOIIEK.— -BOTAKX, TOL. XSIT. h 
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3. The Australasian, Sontli Arctogseal, and Novo-Zelaniaii 
regions are all poorer in types. Sontli' Arctogsea contains only 
three, Lopliantlie^ Lissajithe, and JBtyclimitlie ; Australasia two, 
Lopliantlie and Lissanfhe (perhaps Actmanthe ) ; NoYO-Zelani^ 
three, Actmanthe, Loplianthe, and Lissanthe. 

4. The Australasian and NoYo-Zelanian provinces have very 
few species *, in the Northern and Southern Arctogseal regions 
they are very much more numerous. Their numbers are greatest 
in Austro-Columbia. 

5. Only one species is certainly known to be common to any 
large extent of two provinces, namely Geniiana prostrata, which 
extends from the Eastern Alps of Europe, by way of Northern 
Asia and America, to the southern extremity of South America. 

6. The only types which certainly occur in all five regions are 
Lopliantlie, Limnantlie, and Lissanthe. Actmanthe is known in 
three ; namely the Northern Arctogseal, the Austro-Columbian, 
and the Novo-Zelanian. I think it probable, however, that it 
may yet be found in Australia. Keratanthe and Stephananthe 
occur in two, Northern Arctogsea and Austro- Columbia *, Fty- 
chantlie in three, Northern and Southern Arctogsea and Austro- 
Columbia. 

7. Notwithstanding the general similarity of the climatal con- 
ditions in the mountain-chains of Northern Arctoggea and Austro- 
Columbia, and the abundance of Grentians in both, their Grentian 
Elorae are fundamentally different. In the Pyrenees, the Alps, 
and the Himalayas, the Ltyclianthe type is largely represented in 
relation to the Actinanilie, Lopliantlie, and Siepliananthe types. 

In the Andes it is just the other wny. Gentians of the ActL 
nanthe and Lopliantlie types abound, and Btephanantheis well re- 
presented ; while I cannot make sure of more than six representa- 
tives of Ltychantlie, though this type is so easily recognized that 
there is little chance of its being overlooked or mistaken. Out of 
more than 60 species of South- American GentiancB, enumerated 
in Grisehach’s ‘ Genera’ and Weddell’s ‘ Chloris,’ it appears that 
juine, namely, Q, nitida, Imijlora, injiata, thyrsoidea, crossolcema, 
trichostemma, scopulosa, Jilameniosa, and Minyii, belong to St eph’~ 
anantlie, and six to Ffychantlie ; while the rest all belong either 
to Actmanthe or to Lopkanthe. Judging from the projDortion of 
those which have examined, it seems probable that there are 
nearly as many of Lopliantlie as of Actinanthe, 

And when it is considered that only one species is common to 
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the highlands of Northern Arctogsea and of Austro-Columbia, 
the contrast between the Gentian Plorse of the two becomes 
still more striking. 

In Sir Joseph Hooker’s well-known paper “ On the Distribu- 
tion of Arctic Plants ” (Transactions Linn. Society, vol. xxiii.) , 
the following twelve Gentianese are stated to occur north of the 
Arctic Circle : — Gentiana aurea^ propingiia, detoma, arctopliila, 
Ajjiarella, tenella, glauca^ prostrata, nivalis, verna ; ^leiirogyne 
Totata, Menyanihes trifoliata. 

I have not examined Gentiana arctopMla ; hut I believe it to 
belong, like G. aurea, fropinqua, and detonsa, to the Actinantlie 
type. In this case the components of the Gentian Eiora of the 
Arctic regions may be classitied as follows : — 


Actinantlie. 

5 

Limnanthe. 

1 


Keratanthe. Lophantlie. 

0 0 

Asteranthe. Lissanthe. 

0 0 


Stephananthe. 

2 

Ptyclmnthe. 

4 


In the Flora of the European Alps I can find no representa- 
tive of the Actinantlie type except Fleuroyyne carintliiaea. On 
the other hand, two of its Gentianese, Gentiana ciliata and 
Bwertia perennis, belong to Lophantlie. 

Passing to the Stephananthe tjgQ, Gentiana tenellam admittedly 
common to the Alps and the Arctic regions ; but the former 
have G. germanica, campestris, and nana in place of G. amarella. 
How far any real distinction is to be drawn between G, amarella 
and G. germaniea is a question for future examination. 

Limnanthe is represented by Menyanthes trifoliata in both the 
Arctic and the Alpine regions ; Asteranthe only in the Alpine ; 
Lissanthe in neither. 

The ordinarily recognized species of Ftyclianthe in the proper 
Alpine region of Europe are some eighteen or nineteen in number. 
Three of these, namely, G. verna, nivalis, and prostrata, are also 
Arctic ; but the Gentians of the acaulis group, which flourish, 
along with verna and nivalis, in the Alps, are unknown in the 
Arctic regions. Again, the Gentians of the purpurea group, 
though they occur in Southern Scandinavia and Kamtschatka, 
stop short of the Arctic Circle. 

It appears to me that these facts are very difficult to reconcile 
■with the view that the high Alps have been peopled with their 
Gentiane^ from the Arctic regions or vice versa. The abundance 
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of Gentians of the Actmanthe type in the Andes indicates their 
adaptability to alpine conditions-, yet they are absent in the 
Alps, while well represented in the Arctic regions. 

It must he understood that I deal only with the broad facts of 
the case. Some attempts which I made to study the few forms 
which abounded at Arolla, with a view of distinguishing the 
book-species among them, became unsuccessful exactly in pro- 
portion to the number of specimens I examined ; and I left off 
with the conviction that I had no means of knowing whether 
G, purpurea was distinct from G-, punctata^ G. campesfris from 
G, germamca, or G. ver7ia from three or four other ‘‘ species.” In 
G. canpeBiris the number of varieties in size, habit, foliation, 
form, number of parts and colour of the flower, were really asto- 
nishing; and I met with the strangest monstrosities. In G, 
verna the range of variation w’as quite as remarkable. If all the 
species of Gentiance are in this case, it is perilous to attempt 
numerical estimates on the foundation of ordinary collections. 

BISTEIBTJTIOIS^AL BUGEAM. 


Noeth Aectog.ea. 
Actinanthe. 
Keratanthe. 
Lophanthe. 
Stephananthe. 
Asteranthe. 
Limnantbe. 
Lissanthe. 
PtychantEe. 


Austro-Colijmbia. Axtstbalasia. Hovo-Zelama. 

South Aectog^a. 

ActinaBtEe. (?) Actinanthe. 

Keratanthe. 

LopEanitEe, Lophanthe, Lophanthe. Lophanthe. 

Stephananthe. 

Asteranthe, 

Limnantbe. Limnantbe. Limnantho, Limnantbe. 

Lissamtlie® Lissantke. Lissanthe. Lissanthe. 

Ptychanthe. Ptychantbe. ........ 


The names printed in black letters are those of strongly dominant types in 

the several regions. 
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If tlie facts of distribution of tlie Grentianese are adequately 
stated in tlie above propositions, one conclusion appears to me 
to be very clear j and tbat is, that they are not to be accounted 
for by migration from any “ centre of diffusion,®^ to wliicb a 
locality can be assigned in tbe present condition of the world. 
I£ tbe GentiancB of tbe Andean range bad been derived from 
those of northern ArctogsBa, or vice versd^ it seems unaccountable 
tbat the proportion of representatives of tbe types should be so 
different in tbe two assemblages ; and, still more, that there should 
be only one species common to both. 

There is a well-known case of zoological distribution which 
presents a certain parallelism with that of the Gentianm. The 
genus Tapirm is represented by certain species in South America, 
and by another in the Indo-Malayan region. And palseontology 
furnishes the explanation of the fact by proving the existence of 
Tapirine animals, which have since died out, over the vast inter- 
mediate area in the Middle Tertiary epoch. There has been no 
migration, but simply local modification of the genus at opposite 
ends of its primitively continuous area of distribution, with sub- 
sequent extirpation over the intermediate space. 

I am not aware that any fossil remains of Grentianese have 
been brought to light ; but it is known tbat many of tbe plants 
of the Middle Tertiary epoch were extremely similar to those 
which now exist. Turthiermore, it is certain that the great 
elevated areas of both the Old and the Kew Worlds existed, and 
had attained a considerable height, possibly even greater than that 
which they at present possess, during the Pliocene epoch. Under 
these circumstances, I see no reason to object to the supposition 
that species of the genus Gentiana itself, closely similar to our exist- 
ing species, may have, at that time, occupied pretty much the same 
regions and stations as those in which they are now found, and had 
already adjusted themselves to their hard conditions of existence. 
If so, the changes in the physical geography of the wmrld, which 
preceded and accompanied the Grlacial Epoch, must undoubtedly 
have narrowed the range, and probably extirpated a good many 
of the pre-Ulacial species of Gentiana, But the remainder would 
have as readily found secure refuge in sheltered nooks and 
valleys, as the existing species do ; and, as the climate improved 
with the passing awmy of the Glacial epoch, they would start 
afresh from their fastnesses to compete with other immigrants for 
the possession of the new localities laid open to them. 
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Genfiam prostrata may Lave had its present distribution before 
the Q-laciai epoch. In fact, I am more surprised to find only one 
species widely spread over both the J^orthern Arctogseal and the 
Austro-Columhian provinces, than I should be if there were 
several ; and I am not a Httle disposed to think that a serious 
critical comparison of the two Plorse, with due attention to the 
range of variation of the species in each, may bring about a con- 
siderable alteration of our views on this subject. 

The supposition that the distribution of the G-entianeae in 
Pliocene or in Miocene times was substantially similar to what it 
is now, is of course no solution of the problem of their distribu- 
tion ; it is simply driving the search for that solution further 
back Is it possible to fix any anterior limit to this retro- 
gression? 

I suppose it would be, if one could fix the age of the first ap' 
pearance of Diptera, Hymenoptera, and Lepidoptera provided 
with long haustra. Por, upon Muller’s hypothesis, the existence 
of the Keratanthe^ Stephananthe, Lissanthe^ and Ftpclianthe 
types presupposes that of such insects. Unfortunately, we are, 
as yet, hardly in a position to speak positively on this point. 
The most that can be said is that there is no evidence that they 
were abundant before the middle of the Mesozoic epoch, or that 
they existed in Palseozoie times. Pree play, therefore, is left to 
speculation ; and I do not think any good grounds could be given 
for denying the existence of even the more specialized G-entianese 
in the Cretaceous epoch ; while the “ Ur-Gentian,” the hypothe- 
tical anemophilous JSaplantlie, may be dated back almost as much 
further as probabilities permit us to cany the existence of 
flowering plants. For it is obvious that a very slight further 
modification, in the direction of simplicity in MaplantJie, wonid 
briug about a form of flower which might serve as the starting- 
point for those of almost all the Orders of Dicotyledons. But 
speculation as to when or where the hypothetical Saplantlie 
may have originated is, for the present, idle. “ Ignoramus ” and, 
I fear, for a long while, “ ignorabimus.” 

Considering how slight the morphological differences between 
the eight types really are, and that (according to the hypothesis) 
they have been brought about by the selective operation of agencies 
of the same order, it seems to me that it would be rash to deny that 
species belonging to the same type may have arisen in different 



PEOr, T. H, HtJXPEX OK THE OBKTTAKS. 


123 


localities. I do not tliink it probable tbat tbe process of modifi- 
cation and tbe materials it works upon would be so similar in 
widely difierent localities as to give rise to tbe close similarities 
wbicb lead us to group individuals in tbe same species ; but the 
polygeny of genera, and still more of larger groups, appears to 
me to be highly probable*. 

We are very much in tbe habit of tacitly assuming tbat because 
certain plants and certain animals exist only under certain 
climatal conditions, there is something in what we vaguely call 
tbe ‘‘ constitution ” of tbe plants or animals wbicb binds them to 
these conditions, and renders it impossible for them to live 
elsewhere. I wish we could get rid of this word “ constitution ; ” 
for I take it to be one of tbe many verbal anodynes by wbicb tbe 
discomfort of ignorance is dulled. If it means any thing definite, 
it merely signifies tbat there is some morphological or physiolo- 
gical impediment to tbe existence of tbe plant or animal, outside 
tbe defined conditions ; and our business is to find out what tbat 
impediment is. When I was at Arolla I was extremely asto- 
nished by tbe distribution of two very common species of E^pilo- 
Mum (E. spicatum and E, Eleischeri)^ wbicb were flowering at tbe 
same time. There was any quantity of tbe latter among tbe 
boulders of tbe bed of tbe stream at tbe bottom of tbe valley; 
but nowhere else. And there was any quantity of E. spicafum 
growing on tbe lateral walls of tbe valley, from 30 or 40 feet 
above its bed upwards, but nowhere else. I used to amuse 
myself by looking for trespassers of either species in the pro- 
vince of the other; but I never could find any. Everybody 
knows tbat tbe seeds of tbe Epilobia are abundant and provided 
with special aids to distribution by tbe winds ; and there cer- 
tainly is no failure of breezes in tbe valley. Every year, there- 
fore, millions of seeds of each species must be scattered over the 
territory of tbe other. Why does one thrive, and tbe other die ? 

To say this depends on tbe “ constitution’^ of tbe two spe- 
cies, is simply to wrap up tbe fact in another form of words. 
And I can conceive of no investigation more bkely to lead to 
results of far-reaching importance, than tbat wbicb should get to 
tbe bottom of this, or any analogous case. 

Finally, I may put another question. Is anybody in a posi- 

^ I find weighty remarks on this topic in Engler s *Wersnch etner Bntwicke- 
lungsgeschichte der Pflanzenwelt/’ 2 Theil, p. 318. 
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tion to deny that, in the absence of all other phsenogamoiis yege- 
tation, the G-entians might have occupied every region and 
station on the earth’s surface in which flowering plants can exist ? 
Is there any ground for seeking the causes of their distribution'" 
elsewhere than in the competition with other plants which they 
have undergone and are undergoing, and in the course of which 
it has often happened that the success of a given form in adapting 
itself to certain conditions has involved a corresponding diminu- 
tion of the faculty of adapting itself to others F 


Such are the observations I have to offer. I call them 
^^hfotes and Queries and I am afraid there are more queries 
than notes. My hope in offering them to the Society is to 
stimulate those who are better qualified than I am to carry 
through a serious botanical inquiry, and who have more time 
before them than I have to take up the subject. I believe that 
the systematic and exhaustive study of a single well-chosen 
Order, and of all the biological problems which it presents, would 
inaugurate a new era in the progress of Botany. The amount 
of patient and sagaciously directed labour which is embodied 
in our standard systematic works is astounding ; and the deepest 
gratitude is due to those who have thus brought the data of 
Vegetable Morphology and Distribution into a shape in which 
they can be dealt with. But from the point of view of the Evo- 
lution doctrine, it is obvious that Taxonomy and Distribution 
have to he subjected to a process of revision, which will hardly 
fail to revolutionize both. 


DESORIPTIOH OF PLATE II. 

A scLeme to illustrate the morphology of the flower of the Geutianeaj. 
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Yaccifium is-teemedium, ButJie, a new British Plant. By M. 
E. Beowk, A.L-S .5 Assistant in tlie Herharinm, Eoyal 
G-ardenSj Xew. 

[Bead 5tli May, 1887.] 

(Plate III.) 

The diseoTery of this plant in Britain by Prof. T. Gr. Bonney^ 
P.B.S., is one of considerable interest to Botanists, not only because 
it adds one more species to the British Elora in a genus we might 
scarcely expect to find a further novelty, but chiefly on account 
of its hybrid origin and its rarity on the continent, where, so far 
as I can learn, it appears to be local, having been found only in 
a few parts of (Germany, viz. : — ^in the island of Wollin on the 
coast of Pomerania ; Porest of Jungfernheide, north of Berlin ; 
near Charlottenberg ; Auhlan Pomerania, Porest of Stadtforth 
Hodeheide ; Czarinkau in Pomerania ; many places of the Meder 
Lausitz ; Province of Brandenburg, i, e. Sommerfeld, Dobriiugk ; 
in Silesia near Niex'ky, ISTaumburg on the Bober ; on the Koenig- 
hanier Berge near Gorlitz. 

(Por the above list of localities I am indebted to Mr. A. Bennett, 
of Croydon, who kindly procured them from Br. Karl Schumann, 
the Keeper of the Berlin Herbarium.) 

It was first gathered by Prof. Bonney, in August 1886, on 
Cannock Chase, where it is plentiful in certain spots, V, Myf- 
tillm and Y, Yitis-idma being also abnndant. It is accepted by 
continental authors as a hybrid between these two species; 
and from the evidence gathered by Prof. Bonney, and from the 
fact that its assumed parents grow in the same locality with it, 
there can be no doubt that this view is correct. And I do not 
donbt that the plant has originated independently on Cannock 
Chase, and has not spread to that locality from the continent. The 
plant appears to produce fruit hut rarely, Prof. Bonney, so far as 
is known to me, only having found two berries, although the plant 
covers a considerable extent of ground. It will be interesting 
to determine how far the plant comes true from seed, or if it has 
a tendency to revert in any way to its parent forms. 

It is possible that this novelty may exist undetected in other 
localities, as its general resemblance to F. Myrtillm may have 
caused it to have been overlooked* The best means of detecting 
the plant superficially appears to he by its evergreen habit ; but 
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upon this and otlier points I will quote its discoverer’s own words. 
Prof. Boiiney writes. Sept. 1886, speaking first of the geological 
formation and general nature of the vegetation of tlie locality : — ^ 
The rock is the Pebhle-hed of the Bunter group, and there is 
hardly any surface soil. Except where Eirs have keen planted, 
there are not many trees, only now and then scattered Birches, 
Oaks, or (more rarely) Thorns; occasionally, towards the margin of 
the Chase, Furze is abundant ; bnt the ground is generally covered 
with Oalliina milgaris^ JErica cinerea (and more rarely tetralix)^ 
Vacchiitim Mgrtillus, and JPteris aguUina, Vaeciniiim Vitis^ 
id(sa is not so generally found, hut is very ahimdant in certain 
localities. The new Vacciniwn is readily distinguishable from 
V. Mp'tillus, which at first sight it more resembles, by the deeper 
and richer green of the leaf (K Myrtilltis at this time of the 
year [September] has rather a yellow-green tint) , and by a more 
free mode of growth, the sprays curving very - slightly outwards 
and downwards, wdiile V. MyHillus is apt to be a little stiff in its 
growth. The diflerent tint and foliage caught my eye, and then 
I noticed tlie flow^er.” In other letters to Mr. W. T. Tliiselton 
Dyer, F.E.S., Prof. Bonney writes : — “ I saw the plant growing 
in consideralde abundance ; all about it grew the other two 
Vacomia, Heath, &c. I was struck by the different tint of green 
of the leaf, the more free mode of growth, larger size, and the 
lighter tint of tlie flower. Another singular point is that it was 
all in flower. *We searched for some time and could not find a 
fruit, yet F. Myrtillns and Y. Vifis-idcda are in full fruit, and 
flowers are rare.” The flower (of K intermedium) has a very 
marked scent, something like haw-thorn ; it is certainly now 
(Aug. 29th) in full bloom.” “I w^alked this morning (Dee. 23, 
1886) to the spot where tlie hybrid Vaccinmm is growing. I find 
that it is practically evergreen ; V. Myrfillus is quite hare of leaves, 
excepit here and there some low- growing, apparently young shoots ; 
all the strong healthy plants are bare. But the hybrid has its 
leaves still green and fresh-looking. In one or two cases a few 
leaves seemed to have dropped, hut one may fairly say that it is 
as esceptionallj deciduous as the other is evergreen. F, YithAima 
is of course in full leaf, and even had in some eases its seeds. I 
could And bq seed on the hybrid. This evergreen habit is re- 
markable, and hears out what you said as to the greater affinity 
with F. YithAima. Yet, curiously enough, a passer-hy would be 
more likely to confuse the plant with F. Myrtillns than with 
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K Vitis-icliBa. I am never in danger of mistaking it for tlie latter, 
knt generally have to keware lest I mistake it for tie former, 
Tlie round stem seems to be one of tie most marked differences 
from F. Myrtillus. Of tliat plant tie peculiar ridged stem siows 
very clearly now tiat there are no leaves.” 

Tie above quotations give, better than anything I could write, 
the superficial characteristics of the living plant ; to which may 
be added, as further marks of distinction whereby to separate it 
from F. ILp'tillusy tiat the leaves are thicker and firmer in 
textnre, less rounded at the base, and with a deeply impressed 
venation ; the flowers are rather difierent in form and have a 
tendency to a racemose arrangement, and the filaments are hairy. 
From F. Vitis-id(Sa the larger size and different iabit, the 
absence of punctate dots on the under surface of the leaf (there 
are, however, minute glandular iairs), tie more urceokte shape 
of the corolla, and tie presence of awns at tie back of the anthers, 
at once distinguish it. 

The following are the specific characters of F. iniermediiijn : — 

Vaccikium ikteemedium, Blithe, Flora der Marie Brandenburg 
tmd der Miederlausitz, p. 877, t. 1 ; Gum2)el md Klofzsch, 
FJlanzenabbildtmgen tmd Besclireibimgen zur Frhenntnus qffi- 
zineller Getolichse, t. 7 ; Koch, Sgno^sis Florcd Germanicm ei 
Melveticce, ed. 2, p. 545 ; Beichenhach, leones Florm Germanic le 
et Sehetiem, vol. x%di. p. 81, t. 1169. f. iv, v, 8-10. 

Plant 20-30 cm. higi, forming a dwarf, bushy, evergreen 
shrub. Stem terete, faintly angular above, green, minutely 
puberulous on the younger parts. Leaves alternate, spreading, 
eyergreen ; petiole 1-2 mm. long, pnberulous ; lamina elliptic or 
obovate, averaging from 15-25 mm. long, and 8-12 mm. broad, 
obtuse with a very small glandular apiculns, more or less cuneate 
at the base, denticulate on the recurved margins, firm in tex- 
ture, bright green and glabrous above, with impressed reticulate 
venation, paler beneatli and very sparsely covered with minute 
stipitate glands. Flowers sometimes solitary in the axils of the 
leaves, but more generally in short terminal hracteate racemes, 
drooping. Bracts more or less leafy. Pedicels 2-4 mm. long, 
glabrous, bibracteol ate ; bracteoles linear-lanceolate, about 2 mm. 
long. Calyx-lobes short, broadly ovate, acute, glabrous, green. 
Corolla 4-5 mm. long, urceolate-campanulate, with five abort, 
deltoid, slightly spreading lobes, pale pink, scented. Filaments 
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hairj, wliitisli. Antliers with two apical tubes as long as the 
pollen-cells, and two dorsal awns at tbe base of the tubes, orange- 
yellow, minutely puberulous except the tubes. OTary hemi- 
spherical ; style filiform ; stigma simple. Eruit globose, of the size' 
of a small pea, dark violet. 

FostsGnj)t. — Since the above was read, Mr. Eobert Garner, 
E.L.S., in a letter, has pointed out to. me that he discovered this 
plant some years ago in Maer "Woods, Staffordshire, and exhibited 
it at a meeting of the Linnean Society in 1872 (Proc. Linn. Soc. 
1871-'72, p. 81); and also published an account of it in ‘Science 
Gossip ’ for 1872, p. 248, figs. 174-175, under the title of 
“A Curious British Plant.” As no name was given to it by 
Mr. Garner, and as it does not appear to have been placed in 
competent hands for identification, I bad no clue to Mr. Garner’s 
previous discovery of the plant. I have seen the specimens ex- 
hibited by Mr, Garner to the Linnean Society, and they are 
undoubtedly tbe same as Prof. Bonney’s plant ; they are respec- 
tively dated Dec. 1870 (flowering specimens !) and Oct. 1871 
(fruiting specimens). This gives a second British locality for the 
plant. Mr. Garner writes as follows concerning it: — “ The spot 
where I found it, Maer Woods, in this county, had often been 
trod by Mr. Darwin, to whom I sent the plant as a hybrid, and 
he suggested that the seeds would show infertility ; and on in- 
spection, whilst in the Cowberry (F*. Vitu-idiBa) I found a dozen 
or more good seeds, and twice as many in the Bilberry (F. Myr- 
tillus), there were not more than two to five in the berries of the 
plant in question.” In the berries upon Prof. Bonney’s specimen 
there appear to be two good seeds. — 'N. E. Beown. 


BESCRIPTIOl^f OP PLATE III. 

Pig. 1. The Plant. Pig. 2. Leaf. Pig. 3. Eaceme of flowers. Pig. 4. 
Stamen, front and back views. Pig, 5, Ovary and style. Pig. 6. Transverse 
section of ovary. Pig. 7. Pruit. 

Pigs. 1, 2, & 7j natural size ; the rest magnified. 
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Hermann’s Ceylon Herbarium and Linnans’s ‘ Eiora Zeylaniea*’ 
By Heney Trimey, M.B., Director, Eoyal Botanic 

Gardens, Peradeniya, Ceylon. 

[Read 2nd December, 1880.] 

The collection of dried plants and the drawings of living ones 
made in Ceylon by Paul Hermann in the latter half of the 17th 
Century possess a special interest as being the first important 
contribution of material towards a knowledge of the botany of 
the East Indies ; but the premature death, in 1695, of the excel- 
lent botanist wlio made it, prevented its becoming available to 
the scieiitiSc world of his time. Indeed, beyond the publication 
in his ‘ Hortiis Acad, Lugd.-Bat. Catalogus,’ in 16S7, of some 
brief descriptions and reduced copies of a few of the drawings, 
Hermann himself printed nothing on Ceylon botany. After his 
death, however, some of his MSS. were edited by the illustrious 
botanist W. Sherard (for the benefit of the widow), and in the 
Paradisus Batavus ’ of 1698 there are included some more of 
the descriptions and reduced figures of Ceylon plants. In I7l7 
also there appeared as an anonymous tract of 71 pages a cata- 
logue of the Herbarium of Ceylon plants under their Singhalese 
names, no doubt printed from Hermann’s own MSS. This bears 
tbe title of ‘ Musseum Zeyiauicum,’ and the editor is well known 
to have been also "W. Sherard^. In the brief preface it is stated 
that the plants enumerated were collected either wild or grow- 
ing in the gardens of the natives, and pasted into three volumes 
without any order, and probably j list as they came to hand. The 
editor adds that a fourth volume would he made up, and gives at 
the end of the Catalogue, as alimplantm chartis non agglutinate,” 
a large number of additional names. 

The herbarium of which this was the catalogue appears to have 
been completely lost sight of till the year 1741, when August 
Gfiuther, Apotheeary-Eoyal at Copenhagen f, sent to Linnmus at 
Hpsala to be named a collection of Indian plants in five volumes, 
one being a volume of drawings. The great botanist was not long 
in discovering what a treasure he bad in his hands — no other than 
Hermann’s own herbarium of Ceylon plants just as enumerated in 
the ^ Musmum/ with the addition of the promised fourth volume 

^ A eecond edition, with a new title only, was published in 1720. 

t There are five letters from Gunther to Linnieus in the correspondence of 
the great naturalist preserved in the Library of the Linnean Society. The dates 
of these are from 1744 to 1749. Two are written in Swedish and three in Latin. 

Iiim. JOUEK'. — BOTAIVY, TOE. XXIV. If 
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and a fiffh volume of dravvingis'^. He at once set to work at its 
examination ; and after two years’ labour produced in 1747 tbe 
^ Eiora Zeylanica,’ wliicli be dedicated to Giintber. In tbis book 
Linnmus bas classified all tbe plants in the herbarium which he 
could determine (429 in number) under their genera t; and 
these are duly arranged in accordance with his sexual system. 
Under each species he refers to the names in the ‘ Mnsmum,’ and 
at tlie end he gives lists of those names (228 in number) which he 
was unable (in nearly all cases from the absence of specimens) to 
refer to any genus. The whole number of plants enumerated is 
thus 657. In the herbarium itself he has added to Hermann’s 
labels a reference to the number of the species in his own ^ Flora 
'^eylanica.’ 

-At this period of Linnseus’s career he had not yet initiated 
his feiuomial system of noiuenclature ; thus no species in the 
^ Flora Zeylanica ’ are named in the modern sense, hut are only 
referred 'to their Linnman genera. When, however, in 1753 
that really - epoch-making hook the ^ Species Plantarum ’ was 
published, in wliicli specific names were systematically employed, 
Linnaeus was cafeful to quote under them the numbers of the 
^ FI. Zejlan.,’ anA thus the speamens of Hermann’s herbarium 
becotiie types for many of Linnaeus’s species. It is this of course 
which gives to this interesting collection its great scientific value, 
and renders it an important supplement to the herbarium of 
Linnaeus himself in the possession of this Society j especially as the 
large majority of the species i2i Hermann’s herbarium are unre- 
presented in Linnaeus’s own collection. It is this consideration 
mainly which has led me to sj)erid some time in a re-investigation 
of its contents ; and the results of this examination I now ofier 
to the Society wMeli bears Linnaeus’s name. 

As is well knowm, Hermann’s herbarium is now in the Bota- 
nical Department of the British Museum. Its history since it 
left Linnaeus’s hands is hriefiv as follows : — From Gunther it 
passed into the possession of Count A. G. Moltkef, at whose 
death it was purchased by Prof 'Preschow of Copenhagen, The 
latter sold it to Sir J. Banks for £75 §; and it passed, with the 

* See the Preface to EL Zevlan. p. 17. 

t In Ijinn^us’s own copy of the * Kus. Zeylan.' Ln the Society’s Library, he 
has entered ia the margin against each name the genits to which lie referred it. 

J Bottboll, Descript, p. 49. 

§ MS. l^ote by Dryander' in the Herbarium. 
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rest of tlie Banksian collections, into the keeping of the Trustees 
of the British Museum in 1827. Since it came into the hands of 
Sir Joseph Banks, it has been frequently the object of examina- 
tion. Especially it was very thoroughly gone over by Eryander, 
who, in a copy of the ^ Elora Zeylanica ’ in the Banksian Library 
(now in the Botanical Department) , entered against each species 
references to the volumes and folios of the herbarium where the 
corresponding specimens are to be found. These useful notes 
have much facilitated my examination. Eohert Brown, Dry- 
ander’s successor in the charge of the Banksian collections, was 
also in the habit of consulting the herbarium, and frequently 
quotes its specimens. Dr. Wight was unfortunately able to 
consult it only to a limited extent^, hlor should I forget to 
mention that my friend Mr. W. Eerguson, E.L.S., of Colombo, 
when on a visit to England thirty years ago, carefully examined 
the whole collection, and, I believe, possesses copious notes upon 
the plants it contains. 

Hermann’s stay in Ceylon extended over several years, at least 
from 1672-1677, and perhaps a year or two on either side of that 
period. He was called to the Chair of Botany at Leyden in 1679, 
being then only thirty-three years of age. Notwithstanding his 
youth, he held, while in Ceylon, the office of Chief Medical Officer 
in the service of the (Dutch) East India Company. At this 
period the Dutch held most of the coast towns, having WTested 
Colombo from the Portuguese only so recently as 1655 ; but the 
whole interior still remained under the rule of the native Emperor 
of Kandy, at this time the powerful Eaja Singha; and it is 
interesting to note that our countryman Eobert Knox was under- 
going his long captivity in the interior at the very period of 
Hermann’s sojourn at Colombo. It may be inferred from the 
herbarium, which is a representative one of the environs of 
Colombo, that Hermann neither travelled far from the coast, nor 
had the opportunity of penetrating into any tract of untouched 
forest. 

Besides the herbarium under consideration, Hermann formed 
another whilst in Ceylon, which he sent to J. Commelin at 
Amsterdam. It was from this collection (combined with that 
made by J. Hartog, which was sent from Ceylon to Toss, Curator 
of the Amsterdam Grardens) that J. Burman, Commelin’ s suc- 
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cessor, compiled Ills ‘ Tliesaurus Zeyianicus ’ Tliis book was 
published ia 1737 with 110 well-drawn plates containing nume- 
rous figures, and is systematically quoted by Linnasus throughout 
the ^ Flora Zeylanica ’t* Hermann also sent specimens to other 
botanists of the time, especially to Gronovius, from whose her- 
barinni there are several of Hermann’s plants in the Banksian 
collection. 

The specimens, considering their age and the vicissitudes the 
Collection has sustained, are in very fair condition ; and in the 
few cases where identification is uncertain, this arises more 
from the material being originally scanty or imperfect than 
from any deterioration since its collection. 

A considerable proportion of the plants (about fifty) are 
exotics, and gathered doubtless from gardens. It is of interest 
to see at what an early date many of these were already common 
in Ceylon. Most are of course Old-World plants ; but a dozen 
or more are of American origin, as the Custard- Apple, Guava, 
Cashew -nut, Capsicum, and. Cotton. 

But besides these cultivated exotics, the list will he found to 
contain two or three species from the Cape. These are erro- 
neous inclusions ; but the explanation of them is very simple. 
Herinann called at the Cape, as was usual, on his voyage out, 
and spent a few days there collecting. The plants gathered 
there were kept out of the first three volumes of the herbarium, 
which were no doubt prepared by Hermann himself j hut the 
maker of the fourth volume pasted iu Ceylon and Cape plants 
indiscriminately ; and they are mixed up even on the same folios. 
Liimceiis was fully aware of this (see preface to Zeylau.’ 
p. 18), and has omitted all notice of the Cape specimens with the 
exception of two (see nos. 41 and 307), which he evidently sup- 
posed to be from Ceylon. It is only surprising that he avoided 
the inclusion of more. 

It will be found that a few changes of name will be necessitated 
by this re-examination of the Linnean types in this Collection. It 
must be confessed that Linnaeus has rendered some of his species 
obscure by erroneous synonymy ; in working out the Flora 
Zeylanica ’ he evidently endeavoured to embody as much as pos- 

* See Preface to that book, 

t Linngeus had assisted Burman in the preparation of this book when his 
guest at Amsterdam in 1736. 
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siMe of wliat had been previously published of the plants of the 
“ East Indies generally ; and he has not imfrequently given 
under the Ceylon species synonyms and references which belong 
to quite different Indian or Javan plants. In most, though not 
all, of these cases I think it must be allowed that the Hermannian 
specimefis should determine what was the plant intended by Lin- 
naus rather than his hoolc references. 


In the following list of determinations the first column gives 
the consecntive numbers of the species in the ' El ora Zejlanica,’ 
and each number is immediately followed by the name given to it 
by Linnffius in his ‘Species Plantarum’ (1st edition), or in his 
subsequent systematic works. The second column contains my 
determinations of the type specimen or specimens representing tbe 
species in Hermann’s herbarium*. "When the word {clraimig) is 
appended, it signifies that there is a drawing only to represent 
the species and no dried specimen. The words no specimen mean 
that there is neither dried specimen nor drawing. 

1 . Canna indica, Sp. 1 C. indica, L. 

2. Amomum Zemmbet, Sp. 1 . . Zingiber Zerambet, Rose, {drawing). 

3. Amomum Zingiber, Sp. 1 . . . . Zingiber officinale, Rose. 

4. Amomum Cardamom, Sp, 1 . . No specimen. 

5. Costus arabicus, Sp. 2 Alpinia Galanga, Sm. {drawing). 

The plant figured is evidently the “ Kaluwala ” of the Singha- 
lese, much cultivated for its aromatic rhizomes. These are known 
in the drug market of London as Galangal or Greater Gaiangal 
roots. 

6. Curcuma rotunda, Sp. 2 ..... . No specimen. 

7. Curcuma longa, Sp. 2 C. ionga, L. 

8. Kaempferia Galanga, Sp. 2 . . K. Galanga, L. {drawing). 

9. Kaempferia rotunda, Sp. 2 . , . . K. rotunda, L. {drawing). 

10. Boerhaavia diffusa, Sp. 3 .... B. diffusa (drawing). 

11. Nyctanthes arbor-tristis, Sp. 6. No specimen. 

12. Nyctanthes Sambac, Sp. 6 . . Jasminum Sambac, Ait. 

13. Jasminum azoricum, Sp. 7 . • • . No specimen. 

14. Ciiionanthus zeylanica, Sp. 6. . Linociera purpurea, Vahl. 

15. Eranthemum capense, Sp. 9 Dsedalacanthus moiitaiius, J. And. 

Ill spite of Linnaeus’s specific name, this is not a South- African 
plant. He confuses it with another plant of Hermann’s, and 
gives the habitat as “ in Ethiopia.” 

^ The names employed are usually those of the ‘ Flora of Brit. India’ or of 
■my ‘ Systematic Catalogue of the Plants of Ceylon’ (1885), 
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16 . Justicia Adliatoda, Sp. 15 .... Adhatoda Vasica, Nees. 

17. Justicia Ecboliura^ Sp. 15 .... Ecboliuni Linneaiium, Kurz. 
ik Justicia Betonica, Sp. 16 ... . J- Betonica, L. 

19 . Justicia procumbens, Sp. 16 . . J. procumbenSj L. 

20. Justicia repeus, Sp. 16 Rungia repens, 

21. Justicia echioides, Sp. 17 .... Andrographis echioides, Nees. 

22. Utricularia vulgaris, Sp. 18 . . Utricularia flexuosa, VaM. 

23. Utricularia cserulea, Sp. 18 . , U. cserulea, L. 

24. Ballota disticlia, Mant. 83 Anisomeles ovata, Br, 

25. Antlioxaiithuui indiciim, Sp. 28. Perotis latifolia, Ait. 

26. Piper nigrum, Sp. 28 Piper nigrum, JL., and P. Betle, L. ? 

The speciinens are mostly P. nigrum ; but one seems rather to 
be referred to the next. 

27 . Piper Betle, Sp. 28. P. Betle, L.l 

The specimens have smaller and narrower leaves than the ordi- 
nary cultivated Betel Pepper of Ceylon. Burman’s t. 83. fig. 2 
w^ell represents them, and is quoted with approval by Linnseus. 

28. Piper Makmiris, Sp. 29 P. Betle, L., var. ? 

This name is doubtiiilly applied by authors. The specimens 
consist of leaves only, and appear to belong to a variety of the 
Betel-plant, but are only 5-nerved. The name “ Wal miris/’ 
given by Hermann, however, means tvild pepper, and not Betel. 
Linnaeus has taken another Singhalese name, “ Malamiris (also 
given by Hermann in Mus. Zeyl. j). 24), as his specific name. I 
cannot understand the note P. Amalago in El. Brit. Ind. v. p. 95, 
as there is no reference to EL Zeyl. no. 28 under that species in 
Linn. Sp. i. p. 9. 

In the Bauksian Herbarium there is another specimen 
from Hermann, sent to G-ronovius, and labelled ‘‘Malamiris, 
Bakamumumiris, & Walmiris ’’ by the former. This has 7-nerved 
leaves, and appears different from the specimens in Hermann’s 
own herbariuin. 

29. Piper Siriboa, Sp. 29 P. Siriboa, L. 

The specimen is the “ Rata-bulat-wel ” (—foreign Betel) of 
the Singhalese, /which is much cultivated, and is supposed to 
have been introduced from the Malay Islands. I agree with 
C. de Candolle and Sir J. Hooker (El. B. Ind. v. p. 85) in con- 
sidering it a large-leaved form of P. Betle. 

30. Piper longum, Sp. 29 P. longum, L. 

31. Cotnmeliua nudiflora, Sp. 41 . . Aneilema uudiflora, R. Br. 

32. Commelina cristata, Sp. 42 . . C. cristata, L. {drawing). 

33. Tauiarindiis indica, Sp. 34 . . , . T. indiea, L, 
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34. Olax zeyknica, Sp. 34 O. zeyknica, L. 

35. Xyris indica, Sp. 42 Xo specimen. 

36. Cypems rotundus, Sp. 45 .... C. rotundiis^ L. 

37 . Cypems Haspan, Sp. 45 C. Haspan, L. 


There is a doable error in the name Haspan. The word is 
properly given as^'Halpan” by Hermann (Mas. Zeyl. p. 23) : 
but was misprinted in Burmank Thes. ZeyL p. 108, whence 
Linn^us quoted it. But the Singhalese Halpan ” is not this 
species of Gyperus^ but Mmlristylis glohulosa, Wall. 

38. Scirpus echiaatus, Sp. 50 .... Cyperus umbelktus, 

39. Scirpus capillaris, Sp. 49 Fimbristylis barbata, JBenth. 

40. Scirpus dichotomiis, Sp. 50 . . Fimbristjdis diphylla, Vahl. 

The specimen is merely a young and dwarf state of FimBri- 
stylis diphylla, and neither the F. diclioioma, Eees, nor the 
F. dicJiotoma, Yalil. 

41. Bobartia indica, sp. 54 Bobartia spathacea, iier. 

This is one of the Gape plants that have unfortunately been 
enumerated among those of Ceylon. The specimens are in the 
fourth volume of the herbarium, which, as already mentioned, 
was known to Linnseus to be a mixture of plants from both 
countries ; and it is not clear why he included it in the ‘ Flora 
Zeyianiea.’ Botanists have been further misled by Lamarck, 
who, professing to figure Bohartia mdiea, has given a drawing of 
some Cyperaceous plant (111. i. t. 40), which Bentham ((xen. 
Plant, iii. pp. 698, 1015) and Clarke (Journ. Linn. Soc., Bot. xxi. 
p. Ill) refer to a Gyperus of the G* areTiarius group and to G. pa- 
chyrUms, Hees, respectively. But Hermann’s specimens are 
the Cape Morma spatJiacea, Willd., as was demonstrated and 
figured by Schumacher in Act, Soc. E’at. Scient. Hafn. iii. p. 8^ 
1. 1. Of course the genus Bohartia of Linn, will stand ; but bis 
specific name indica must be superseded, and the plant take 
the name of Bohartia spaihacea, Her, as Baker coiTectl}" has it 
(Journ. Linn. Soe., Bot. xvi. p. 114J. 

TP, . ,, c*- r Oplismenus compositus, Roem. & 

42. Pauicum compositura, bp. 5/ . . | ^ ^ 

43. Patiicum arborescens, Sp. 59 . . P. ovalifolium, Poir. 

The specific name of Linnseus is absurd ; for F. omlifoUum is 
a humble grass ; and his remark “ altitudine certat cum altis- 
simis arboribus ” could only apply to a Bamboo. On the confu- 
sion as to this name in Linnaeus’s own herbarium, see Munro in 
Journ. Linn. Soe., Bot, vi, p. 38. 
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43. Obs. Not named Isaclme australis, R, Br, 


TMs is tlieJ. meneritana^ Poir. Eiicycl. Metli. SiippL iii. p. 185, 
ail ■unnecessary synonym. (See Journ. Bot. 1885, p. 271.) 

44. Patiieiim gkucura, Sp. 60 Pemaisetum typhoideam, Rers. 

45. Andropogon Nardus, Sp. 1046. A. Nardus, X. 

Hermann’s specimen is the Citronella Grass, grown for its 
essential oil in tlie soiitli of Ceylon. The native name he gives, 
“ Pengriman,” is also clearly intended for Pangiri-mana” 
(= acid or sour mana), by which it is generally known. (See als o 
Bentley and Trirnen, ‘ Medicinal Plants,’ tab. 297.) 

46. Poa amabilis, Sp. 68 Eragrostis plumosa, JAnl. 

Linnoeus’s Roa amalilis has given rise to some synonymy. The 
specimens here are JEragrostls plimosa^ wdtli which the specimens 
in Linnaeus’s owm herbarium also agree. (See Munro, Journ. 
Linn. Soc., Bot. vi. p. 43.) 

47. Anmdo Bambos, Sp. 81 No specimen. 

48. Enocadon ^ qumquangulave^ 

49. Erioeaulon sexangulare,.Sp. 87. E. sexangulare, X. 

The name JEJ. sewangulare^ L., has been quite misapplied in Cey- 
lon, where it has been used (c. g. in Thw. Enum. Plant, p. 341) for 
the small plant (C. P. 795) called Thwaitcsii by Koernieke. 
Hermann’s type-specimens slio'w it to be the plant (C. P. 220) 
referred by Thwaites to E. WaUicldaniim^ Mart. 


50. Erioeaulon setaceum, Sp. 87 . . E. setaceum, X. 

51. Moliugo penta})hylla, Sp. 89 . . M. pentaphyila, X. {'M. stricta, X,). 

A variety only of M. stricta, but the name pentaphjlla has 
priority. 

52. Moliugo oppositifolia, Sp. 89 . . { 

In this case also M. oppositifolia, L., should take the place of 
the generally used, but later, Jf. Bpergula^ L. 


53. ! Cephalanthus orientalis, Sp. 95. 

54. Isoracocemea, Sp, 110 

55. Ixora alba, Sp. 1 10 

56. Pavetta indica, Sp. 1 10 

57. Avicennia officinalis, Sp. 110 . . 

58. Elseagnus latifolia, Sp. 121 , 

59. Tomex tomentosa, Sp, 118. 
(Callicarpalanata, Manfc, ii. 331.) 


^ Sareocephalus cordatus, Mliq. 


I. coceinea, L. 

1. coccinea, L., var. 
P. indica, L. 

No specimen. 

E. latifolia, X. 

j-Callicarpa lanata, X. 
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60. Cissus vitigiaeaj Sp. 117 ..... . 

61. Exaciiin sessile, Sp. 112 

62. Spermacoce liispida, Sp. 102 . . 

63. Hedyotis friiticosa, Sp. 101 ... . 

64. Hedyotis auriciilaria, Sp. 101 . . 

65. Hedyotis herbacea, Sp. 102. . . . 

66. Ludwigia perennis, Sp. 119 , . 

67. Olclenlandia umbelkta, Sp. 1 19. 

68. Oldenlandia biflora, Sp. 119 , . 


Titis Lianici, Wall, 

E. sessile, L, 

S. hispida, i. 

H. fruticosa, L. 

H. auricularia, L, 

Oldenlandia Heynei, i2. Br. 

L. parviflora, Ptoxh. 

O. umbeliata, L., and 0. cory^m- 
bosa, h, 

0. biflora, L. (O. paniculata, h,). 


{ 


O. lijiora is not separable as a species from 0. j^aniculata, L., 
but is merely a few-flowered variety^. Unless it be tliought that 
the name is too little appropriate, 0\ hiflora, as the older, sliould 
be the name retained. 


69. Coldeniaprocumbens, Sp. 125 C. procimibens, L. 

70. Heliotropium iiulicuni, Sp. 130. H. iiidicum, L. 

71. Bornigo indica, Sp. 137 iVo specimen, 

72. Meny'anthes indica, Sp. 145 . . Limiiantheiniim indiciiin, Thio. 

73. Plumbago zeylanica, Sp. 151 , . P. zeylanica, L. 

74. ConvolviiliisTurpetiiiim,Sp.l55. Ipoincea Turpetlium, R. Br. 

75. Convolvulus Pes-caprne, Sp. 159 Ipomcea biioba, ForsJc. [drawing). 

76. Evolvulus alsmoides, Sp. ed. ii. | alsinoides, L. 

77. Ipomoea Quamoclit, Sp. 15!^ . . No specimen. 

78. Ipomoea Pes-tigridis, Sp. 162 . . I. Pes-tigridis, L. 

79. Ipomoea bepaticaefolia, Sp. 161. I. hepaticsefolia, L. (drawing), 

A variety of I. Fes-tifiruVs^ L., only. 

80. Rondeletia asiatica, Sp. 1/2 .. No specimen. 

81. Morinda umbeliata, Sp. 176 . . M. umbeliata, L. 

82. Morinda citrifolia, Sp. 176 .... j 

83. Lonicera parasitica, Sp. 175. j 

(Lorantbus loniceroides, Sp.ed. > Lorantbus loniceroides, L. 
ii.473.) ) 

84. Mussmnda frondosa, Sp. 177 • . Mnsssenda frondosa, L, 

85. Mirabiiis Jalapa, Sp. 1/7 No specimen. 

86. Datura Metei, Sp, 1/9 No specimen. 

87* Rhamnus Napeca, Sp. 194 .... Zizyphus Napeca, Willd. 

Kept up as a species by Lawson (EL B. Ind. i. p. 635). It is 
closely allied to Z. Imida, Moon ; but differs by its broader and 
abruptly acuminate leaves, witb mucli less secondary venation, 
and by tbe very rufous woolly stems and inliorescence. I have 
never met witli this in Ceylon. 

88. Rhamnus CEiioplia, Sp. 194 . . Zizyphus (Enoplia, MUL 

89. Rbamnus Jiijuba, Sp. 194 .... Zizypbiis Jujuba, Lr/m. 

90. Cbironia triuervia, Sp. 189. . . . Esacum zeyianicum, Roxb, 

91. Strycliiios Nux-vomica, Sp. 189 S. Nux-vomica, L. 

92. Capsicum anniium, Sp. 188 . . C. aimuum, L., var. 

93. Sobmum Melon geiia, Sp. 186. . B Melongena, L. 
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94. Solaimm indicum, Sp. 187 • • 

95. Solarium sodomajum, S]). 187 

96. Wot named 

97. Physalis angulata, Sp. 183 . 

98. Ceanotlius asiaticus, Sp. 196 

99. Vitis indica, Sp. 202 

100. Achyrantlies corymbosa, Sp 

20a 

101. Celosia noditlora, Sp. 205 . . . 

102. Celosia lanata, Sp. 205 

103. Achyranthes kppacea, Sp. 20^ 

104. lllecebmm laiiatum, Mant. i 

344 

105. Aehyrantlies aspera, Sp. 204. 

106. Cerbera Mangbas, Sp. 208 . . 


S. indicum, X. 

S. xauthocarpum, Schrad, 

Wendl^ var. Jacquini, Thw* 

Wo specimen. 

P. angulata, L. 

Oolubrma asiatica, Brong, 

V. iudica, L, (V. erioclada, W. A.) » 

I Polycarpsea corymbosa, Lam.. 

Allmania uodiflora, E. Br. 

^rua javanica, Juss. 

Pupalia atropurpurea, Moq* 

I iErua lanata, Juss. 

A. aspera, L. 

[ Tabernaemontaiia dicbotoma, Roxh. 
^ {The drawing Cerbera Odollam, 
( Gcertn.) 


Tbe specimen is certainly Taherncemontana dichotoma; but the 
drawing and most of Linnseusk synonyms and the native name 
given are for Cerhera Odollam. These two plants had been pre- 
viously also confounded by Burman, who in his Thes. Zeyl. 
figures (t. ,70. f. 1 ) the leaves and flowers of Taherncemontana 
along with the fruit of Cerbera ; and perhaps Hermann himself 
did not discriminate the two plants. 


107 . Nerium antidysentericum, Sp. 

209 

108. Nerium Oleander, Sp. 209 .. 

109. Nerium divaricatum, Sp. 209 

110. Ceropegia biflora, Sp. 211 

The flowers are by no means 
biflora may be allowed to stand, 
later name. 

111. Asclepiaslactifera, Sp.216 ,, 

112. Asclepias gigautea, Sp. 214 .. 

113. Periploca inclica, Sp.2U 

114. Apocynum frutescens, Sp.213 

115. Gompbrena globosa, Sp. 224 

116. Gomphreiia sessiiis, Sp. 225 . . 

117 . Naiua zeylanica, Sp.226 .... 
llk“' Hydrocotyle asiatica, Sp. 234. 

119. Baselia rubra, Sp. 272 

120. Drosera rotuiidifolia, Sp.28L 

121 . Brosera indica, Sp. 282 

122. Gioriosa superba, Sp. 305 .... 

123. Asparagus falcatus, Sp. 314 . . 

124. Asparagus samentosus, Sp. 

314 


Wrigbtia zeylanica, R. Br. 

N. Oleander, L. 

Tabernseniontana coronaria, E. Br. 
( C. biflora, L. (uniflorous state). (C. 
i intermedia, Wight) {drawing), 

always in pairs 5 but the name 
and must supersede Wight’s far 

Gymnema lactiferum, E. Br. 
Calotropis gigantea, E. Br. 
Hemidesmus indieus, E. Br. 
Ichnocarpus frutescens, E. Br, 
Gomphrena globosa, B. 
Alternanthera triandra, Lam. 
Hydrolea zeylanica, Vaki. 

No specimen. 

Baseila rubra, L. {drawing). 

D. Burmanni, Vakl 
D. indica, L. 

G. superba, L. 

A. falcatus, L. 

A. sarmentosus, L. {drawing). (A. 
gOBOclados, Bafcer?) 
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As there is no specimen of A, sarmenfosns in tlie collection, we 
have only tlie drawings by which to determine what Linnaeiis 
^ meant by the name. The drawings were published on a reduced 
scale in Hermann’s Horh Lngd.-Bat. Cat. tt. 63 & 650, and 
show a plant witli flat cladodes. By many subsequent botanists 
the name has been erroneously applied to a Ceylon variety of 
A. raeemosuSj Wilid. ; and specimens so named are common in 
herbaria. The sarmentosiis of Thwaites, Enum. Plant, p. 337, 
is A. racemosiis. More recently the name has been transferred 
to a Cape species, and is so applied by Baker in his revi- 
sion of the genus (Jourii. Linn. Soc., Bot. xiv. p. 625). I see no 
reason to believe that Hermann’s fignre wms not made from a 
Ceylon plant and I am inclined to think it represents A, gono- 
dados, Baker, a Irequent species in several parts of Ceylon. 
But as the confusion can scarcely be cleared up in the absence of 
a specimen, the name A, sarmentosus, L., had perhaps better be 
abandoned. 


125. Poliaiithes tuberosa, Sp. 316 

126. Pancratium zevlanicum, Sp. 

290 

1 27. Criiium asiatieum, Sp. 292 . . 

128. Burmannia disticha, Sp. 287. . 

1 29. Fontederia hastata, Sp. 288 . . 

130. Aloe hyaciuthoides, Sp. 321 . . 

1 31 . Not named 

132. Acorns Calamus, /3. verus, 

Sp.324 

133. Flageliaria indica, Sp. 333. . . . 

134. Lawsonia spinosa, Sp. 349 . . 

135. Lawsonia inerniis, Sp. 349 . . 

136. Memecylon capitellatum, Sp, 

349 


P. tuberosa, L. 

I* P. zeylanicnm, L. 

C. asiaticum, L. {drawing), 

B. disticha, L. 

Monochoria hastmfolia, PresL 
No specimen. 

S PaiKlamis odoratissimus, I . /. 

I ^{drawing), 

I Ab specimen, 

F. indica, L, 

L. alba, Lam, 

L. alba, Lam, 

M. capiteliatum, L., and another 
species of Memecylon. 


I look upon M. capUellatnm as a well-marked species always 
to be easily recognized; it is the “ Weli-kaha ” of the Singhalese 
and is well figured in Burman’s Thes. Zeyl. t. 30. Clarke has, 
however, reduced it to a variety of Jf. ediile in El. Brit. Ind. 
ii. p. 564; but his Jf. edule is a very large concatenation of 
plants, including also the quite distinct Jf. umhellaUmi, Bufm., 

Kora-kaha ” of the Singhalese. 

One of Hermann^ specimens is a different and undeterminable 
species of Ilemeeylon, 

^ The whole of the Drawings seem to have been made in Ceylon and no Cape 
plants are among them, 



140 


H. TEIMEN — HEEMAFS’S OETLOli^ HEEBAEIUM: 


137. Mimusops Kauki, Sp. 349 . . M, Kauki, L. 

The specimen (vol. i. foL 35) is certainly not tlie plant wliose 
native name is quoted from Hermann’s Mus. Zeyl. by Linnaeus, 
ivMcliis ISS. Mimusops of whicb the specimens are in tbe 

herbarium (vol. ii. foL 40). It is indeed not recorded at ail in its 
place in the Mus. ZejL, where it should appear on p. 7. This ren- 
ders it doubtful whether it was collected in Ceylon. It appears 
to me to correspond pretty closely with Javan specimens of the 
tree still known as J£ Kauki, with long petioles and a pale under 
surface to the leaves, and not with M. mdica, to which Mr. Ben- 
tham (EL Austral, iv. p. 285) has referred it. M. Kaii^lci I have 
never seen in Ceylon, either wild or cultivated ; but it may well 
have existed tlmre in gardens in Hermann’s time. The El. Brit. 
Ind. (iii. p. 549) gives Burma, Malacca, and Malaya generally ^ 
as well as IST. Australia, whence E. Brown (Prod. Ei. Nov. Holl. 
p. 531) records it, referring to Hermann’s specimen as authority 
for the name. 


138. Mimusops Elengi, Sp. 34.9 . . M. Elengi, L, 

139. Jamholifera pedunculata, Sp. ) Acronychia laurifolia, Blume [see 

349 S also 185]. 

There is no doubt as to the correctness of this identification of 
the specmens (vol. ii. foL 82) ; though Linnaeus has mixed up this 
with no. 185 in bis numbering of other specimens in vol. ii. 
fol. 38, and has transposed their native names in ‘El. Zeylan.’ 
Indeed it appears that he subsequently in his later works ended 
by confirming the transposition ; and possibly it -would be prac- 
tically correct to consider that the numbers in the herbarium 
are to be disregarded rather than the text. Thus in Mant. ii. 
LinnsBUS quotes Plukenet, tab. 174. fig. 2, for this, which clearly 
represents 185. 3ugenm Jambolana (see that number). Vahl, 
however, has rightly described and figured (Symbol®, iii. p. 52, 
t. 61) Acronychia laurifolia as Jamholifera pedunculata, L. 


140. Allophyluszeyknicus, Sp. 348. 

141. Ptelea viscosa, Sp. 118 (Dodo- 

nffia viscosa, Mant. ii. 149). 
14^ Cardiospermum Halicacabum, 
Sp. 36*6 

143. Paullinia asiatica, Sp. 365. . . . 

144. Michelia Champaca, Sp. 536. 

145. Laarus Ciiinamomum, Sp. 369. 

146. Lauras Cassia, Sp, 369. ..... 


A. zeylanicus, L. 

I Dodonsea viscosa, L. 

I C. Halicacabum, L. 

Toddaiia aculeata, Pers. 

M. Champaca, X. 

Omnamomum zeylanicum, Blume, 

1 Litsea zeylanica, Nees; and 0. zeyla- 
{ uicum, Blume {wild form). 


The Zmmis Cassia of Linn®ua has nothing to do botanically 
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with the Ginnamomxtm Oassia, Blume, of S.W. Cbinaj now known 
to be tbe sonrce of the Cassia of commerce. The specimens in 
Hb. Hermann show Linnsens’s species to be founded on two 
plantsj — one the common wild form of the true Cinnamon, and the 


other a Laurineons tree, also 
natives, Lit sea zeylanica^ Nees. 
Bot. 1840, p. 836.) 

147. Bauhinia tomentosajSp. 375. 

148. Bauhinia acuminata, Sp. 3/5. 

149. Cassia Fistula, Sp.377 

150. Cassia Sopliera, Sp. 379 .... 

151. Cassia auriciilata, Sp. 3/9. . . . 

152. Cassia Tora, Sp. 375 ....... . 

153. Cassia absus, Sp.376 

154. Cassia mimosoides, Sp. 3/9 . . 

155. Guilaiidina Moringa, Sp. 381. 

156. Giiilandiiia Bonducella, Sp. ed. 

ii. 545 


called a wild Cinnamon bj the 
(See also Wight in Hook. Journ. 

B. tomentosa, L. 

B. acuminata, L. 

C. Fistula, L. 

C. Sophera, L. 

C. auriculata, L. 
a Tora, L. 

C. absus, L. 

C. inimosoides, L. 

Moriiiga pterygosperma, Gaertn, 

Caesalpinia Bonducella, Mem. 


G. jBoncluGella has not been recently recorded for Ceylon, 
though 0. Boxiduo is common. 


157. CBesalpinia Crista, Sp. 380 1 

(Guilandina Bonduc, Mant. > 
ii. 378) I 

158. Csesalpinia Sappan, Sp. 381 . . 

1 59. Poiiiciana pulcherrima,Sp. 380. 

1 60. Adenanthera pavonina, Sp. 384. 
16L Meiia Azadirachta, Sp. 385 . . 

162. Meiia Azedarach, /3. semper-) 

virens, Sp. 385 1 

163. Sophora tomentosa, Sp. 373. . 

164. Sophora heptaphylla, Sp. 373 . | 

165. Anaeardium occidentale, Sp. ) 

383 ...f 

166. Cynometra cauMora, Sp. 382. 
167- Cynometra raraiiiora, Sp. 382. 


Cmsalpinia Niiga, Ait. 

O. Sappan,!/. 

P. pulcherrima, L. 

A. pavonina, L. 

Azadirachta indica, if, /waa. 

M. Azederach, L. 

S. tomentosa, L. 

S. heptaphylla, I/., and Derris si- 
nuata, Benth. 

A, occidentale, L. 

No specimen. 

No specimen. 


166 and 167. There are drawings referred to these iiumhers 
which are not determinable, and seem to have been partly made up 
from AverrJioa. 


168. Trihulus laniiginosus, Sp. 387. T. terrestris, L. (drawing). 

169. Jussisea repens, Sp. 388. ..... J. repens, L. 

170 . Jiissicea erecta, Sp,388 ...... J. suffruticosa, L., var. 

171. Melastomamalabatbricuin,Sp.| m. malabatbricum, L. 

172 . Melastoma aspera, Sp. 391 . . Osbeckia aspera,Btae. 

173 . Melastoma octandra, Sp. 391- Osbeckia octandra, DC. 

174. Triumfetta Bartramia. Sp. ed - 1 T. rhomboidea, Jaco. 

ii. 638 * . 1 
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The name T, Bartramia, L., has been abandoned by botanists 
as apparently comprehending more than one species ; but the pre- 
sent common Eastern weed is certainly that mainly intended by 
the author of the name. 

175. Sehiniis Limonia, Sp. 389 I 

(Linioiiia aeidissimaj, Sp. ed. > Feronia Elephantiim, Corr, 
ii. 554) ) 

The specimens are in leaf only, without flowers or fruit ; hut 
are sufficient to show that the plant is the common Wood-apple 
of Ceylon, Beroma Ble])imntim^ the Diwnl ” of the Singhalese, 
as rightly labelled by Hermann. But most of the synonyms 
given by Linnams refer to some small-fruited species of Auran* 
tiaceae. The plant to which Linnaeus’s name has been generally 
applied is B, crenidafa^ Eoxb., and does not occur in Ceylon. 
Eoxburgh’s name for this must stand instead of Linnaeus’s. 


176. Bannisteria beiiglialensis, Sp. | Hiptage Madablota, Gawto. 

177. Averrhoa Bilirabi, Sp. 428. . .. A, Biiinibi, sp.428. 

178. Averrhoa Carambola, Sp. 428. A. Carambola, L. 

179. Avenhoa ackla, Sp. 428 A. Carambola, L, var. ? f dr 

180. Oxalissensitiva, Sp.434 Biophytum sensitiviim, DC. 

181. Rhizophoraconjugata,Sp.443.{ 

Hermann’s figure is the whole foundation for Linn£eus’s M. 
conjugata, yet there can be no doubt that it is Bmgiiiera 
ggmnorrliiza ; but it would be very undesirable to change so long 
established a name. The specimens named i?. conjugata in 
Linnaeus’s own herbarium are of some very diflereiit plant from 
either of these species. 


182. Myrtus zeylanica, Sp. 4/2. . . . 

183. Myrtus caryopliyilata, Sp. 472. 

184. Myrtus anclros8emoides,Sp.472. 

185. Myrtus Cumijii, Sp, 4/1 .... 


Eugenia zeylanica, Wight. 

Eugenia caryophylluja, Wight. 
Eugenia cordifolia, Wight. 

I Eugenia Jainboiana, Lam. [see also 
I 139], 


See the note on lf39. The specimens not mixed up with this 
other number are in voL i. fol. 45, and are JE. Jmnholana. 

IBd. Myrtus Pimenta, Sp. 472 .... No specimen. 

187. Eugenia malacceiisis, Sp. 470 . No specimen. 

188. Eugenia Jambos, Sp. 470 ... . E. Jambos, L. 

189. Eugenia nniflora, Sp. 470 E. malaccensis, L., var. {drawing). 

B. unijlora of Linnseus is a curious mixture. Hermann’s 
figures show a large-flowered species with usually solitary sessile 
flowers ; apparently • a slight variety of M. malaccemis. But 
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Linnaeus quotes also Micheli’s figure (1^'ov. Gen. t. lOS) of the 
very different species from S. America, now semi-naturalized in 
^ parts of India, L'. Miclielii, Lam. Linn^us’s name should be 
abandoned. 


190. Eugenia acutangula, Sp. 471 . - 

191. Eugenia racemosa, Sp. 471 . . 

192. Psidiiim Guajava, Sp. 4/0 . . 

193. Nympligea Nehimbo, Sp. 511. 

194. ^Nynipbsea Lotus, Sp. 511. .. . 

195. Oambogia'Gutta, Sp. ed. ii. 728 


BaiTingtonia acutanguia, Gaertn. 

) Barringtonia racemosa, Blume* 

I (drawing). 

P. Guyava, L. 

Nelumbium speciosiim, Willd. 

N. Lotus, L. 

S Garcinia Morelia, Besr. [ilie draw- 
I ing is G. Cambogia, Desr.), 


The specimens are leaves of the trne Gamboge -tree, called 
“ Gokatu ” or “ Kana-goraka ” by the Singhalese, as rightly noted 
by Hermann, and the G. Morelia, Desr, But the drawings 
show the common Goraka,” G. Camhopa, Desr., with its edible 
sulcate fruit. (See also Graham in Hook. Comp. Bot. Mag. ii. 
pp. 193-200.) 


196. Euphorbia Tirucalli, Sp. 452. . 

197. Euphorbia hirta, Sp. 454 .... 

198. Euphorbia thymifoiia, Sp. 454, 

199. Euphorbia autiquorum, Sp. 

460 

200. Euphorbia neriifolia, Sp. 451 . 

201. Calophylium Inophyilum, Sp 


No specimen. 

E. liirta, L. 

E. thymifolia, L. 


I No specimen. 
No specimen. 


alo|hyllum iMphyllum. Sp. j Inophyilum, L. 

202. Calophylium Calaba, Sp. 514. 0. Burmaniii, 

The name G. Calaha has been generally abandoned for this 
Eastern species, to which it originally belongs, in consequence 
of Jaeqiiin having figured in 1763 (Hist. Select. Strip. Amer. 
t. 165) as Linnseus’s species the Martinique plant, to which 
Plumier first gave the generic name Calaha, taken from the 
Caribbee name. Linnaeus (Sp. Plant, ed. ii. 732) accepted Jae- 
qiiin’s determination, and hence makes his own species to include 
both the E. and W.-Indian plants. The name should not be 
maintained for either. 


203. Mesua ferrea, Sp. 515 M. ferrea, L. 

204. Vateria indica, Sp. 515 No specimen^ 


Bryander has doubtfully referred to this some leaves in the 
Herbarium, vol. iv. foL 27. These are certainly not Vateria, 
but possibly Ferieopsis Mooniana. The specimen referred to 
by Linnseus “ in tomo quarto ” may possibly be the leaves at 
fol. 36, which appear to be those of some Dipterocarp, though 
not Vateria. (See also Dyer in EL Brit. India, i. p. 313.) 
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205. Deljma samentosa. Sp. ed. ii. j ^ L. 

206. Elseocarpiis serrata, Sp. 515 .. E. serratus, L. 

The ‘^Elora of Brit. India’ (i. p. 401) does not give J5J. set- 
ratus^ li.j as a Ceylon species, and refers (p. 402) Tliwaites’s spe- 
cimens to cuneattis^ "Wight. I look upon the latter as a slight 
variety of serratus merely. Hermann’s sis ■ specimens of the 
“ "Weralii,” a very common little tree the fruit of which is known 
as Wild Olives ” hy the English, show the usual variety in 
form of the leaves — oval, or ohovate-oval, or oblong-lanceolate. 


207 . Microcos paniculata, Sp. 514 

(Grewia Microcos^ S 3 'st. ed. 
xii. 602) 

208. Microcos lateriflora, Sp. 514 

( Grewia asiatiea,Mant.i. 122). 
20.9. Oclma Jabotapita, Sp. 513 
(0. squaiTOsa, Sp. ii. 731) . . 

210. Capparis zeykmica, Sp. ii. 720. 

211. Grateva Tapia, Sp. 444 


Grewia Microcos, L. 

i Grewia asiatica, L.- 

\ 

I O. squaiTosa, L. 

\ C. zeylaiiica, B., and C. horrida, 

I B./. 

(? drawing). 


Linnseus says this is among Hermann’s drawings ; but I cannot 
trace it there. 


212. Cratseva Marmelos, Sp. 444 . . /Egle Marmelos, Cott. (drawing). 

213. Corchonis olitorius, Sp. 529 . . 0. acutangulus, Lam. 

It is remarkable that all the specimens are 0. acutangulm ; 
but Linnaeus no doubt included this under G. oUtorlus as one 
species. 

214. Corchonis capsiilaris, Sp. 529. C. capsiilaris, L. (drawing). 

215. Mimosa cinerea, Sp. 520 Dichrostachys cmerea, Wight Arn. 

216. Mimosa pennata, Sp. 522 .... Acacia permata, Willcl. 

217 . Mimosa cjcsia, Sp. 522 Acacia cajsia, Willd. 

218. Mimosa bigemiiia, Sp,5l7 . . Pithecolobiuin bigeminiim, BentJi. 

219. Mimosa Entail a, Sp. 518 Entada scandeiis,’Bc/j^/i. 

220. Bombax pentandrum, Sp. 51 1. No specimen. 

221. Bombax Ceiba, Sp. 511 No specimen. 

222. Bombax religiosa, Sp. 512 1 

(B. gossypiuiim, Syst. ed. > Cochlospermixm Gossypinra, DC. 
xii, 457) I 

223. fetratiotes alismoides, Sp. 635. No specimen. 

224. Elyria zeyknica, Sp. 536 .... U. zeylanica, L. 

225. Aiioaa asiatica, Sp. 537 Anona squamosa, L. (drawing). 

There is no Anona native in Asia. Hermann’s drawings re- 
present the Custard-apple, A. squamosa ; but the name ^^Anon. 
sglmstris^ &c.” and the native name given in Mus. Zeyl. p. 59 are 
to be referred to Morinia citrifolia. The confusion of the two 
plants has arisen from the outward similarity of their fruits. A 
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twigwitli leaves in the berbarium (voL iv. fol. 80) appears to be 
tbe original o£ Linntens’s description, tboogb numbered bj him 
224; and is probably A. squamosa- 

226. Atragene ze 3 danica, Sp. 542 . . Narav'elia zejianica, DC. 

227 . Phiomis zeylanica, Sp. 586 .. Leucas zeyianica, JBr. 

228. Ocymiim fmtescens, Sp. 597 j 

(Mentha perilioides, Syst. ed. v Pogostemon Heyneanns, Bentk. 
xii. 756) I 

Linnmiis's Ocifmim fmtescens has been erroneously referred, in 
¥1. Brit. Iiid. iy. p. 646, to Perilla ocymoides, L., and Ms Mentha 
penlloides by Benthain (DC. Prod. xii. p. 127) to Ilyjjiis pecti- 
nata^ Poir. ; neither of these is a Ceylon plant. Hermann’s spe- 
cimens are the wild Patchouli plant, ‘‘ Gran-koUan-kola ” of the 
Singhalese, Fogostemon Hei/neanus, Benth. Moon (Cat. Ceylon 
Plants, p. 44) rightly refers Mentha per'dloides to this plant. 

229. Ocymum menthoides, Sp. 598. Geniosporum prostratiim, Benth- 
The Ocpmum menthoides of Linnaeus has also been often mis- 
understood. Tbe form of G-eniosporiinnprostratmi with a slender 
erect stem is that especially intended by him, as is seen by his 
description in PL Zeyl., and his reference to Barman’s excellent 
figure in Thes. Zeyl. t. 70. fig. 2*. This same little form is again 
figured in N. Burman’s PI. Indica, t. 39. fig.’l, under the name 
of Filin antlius indica ; but is very difiereiit from Linnmus’s plant 
of the same name, for which see no. 238. 

230. Gmeliiia asiatica, Sp. 626 .... Gmelina asiatica, L- 

231. Volkaineria inermis, Sp. 637. • Clerodendmm iuerme, R. Br. 

232. Clerodendrum infortunatum, I q infortiinaturo L 

Sp. 637 ) ‘S' 

233. Barleria Prioiiitis, Sp. 636 .... B. Prionitis, L- 

234. Ruellia ringensySp. 635 .... R. ringens, L. 

235. Ruellia antipoda, Sp. 635 .... Bounaya veronieaefolia, Spreng. 

Linnffius referred to this also a plant from Barbadoes figured 
by Plukenet ; whence his specific name. 

236. Bignonia indica, Sp. 603 .... Oroxylum indica, Vent, (drawing). 

237. Sesamiim orieiitaie, Sp. 634 . . No speeimen, 

238. Rliinaiithus indica, Sp. 603 . . Centranthera proeumbens, Bentk, 

This name of Linnaeus’s is quoted for Geniosporum elongattm 
in PL Brit. Ind. iv. p. 610 ; but the specimens are Centranthera 
procimihenSj aud Liniiseus’s description is very good for that 
plant. 

^ But Benthani, who saw Burman^s specimen, says it is G, ekmgatum 
(DC- Prod. xii. p. 45) ; and tbe figure is therefore quoted under that species in 
M. Brit. Ind. 

him, .TOTOX”. — BOTAXY, VOL. XXIY. 


0 
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269. Cleome gyiiancba, Sp. 671 . . 

240. Cleome icosandra, Sp. 672 . . 

241. Cleome viscosa, Sp. 672 .... 

242. Cleome dodecandra, Sp. 672. . 
246. Cleome monophylla, Sp. 672. 

244. Waltiieria iiidica, Sp. 6/6 .... 

245. llfelocliia pyramidata, Sp. 6/4. 

246. Meioehia coi'chorifolia^ Sp. 675 
247- Meioehia coiicatenata, Sp. 675 

248. Cormarus monocarpus, Sp. 675 

249. Ilugonia Mjstax, Sp. 677 

250. Pentapetes suberifolia, Sp. 698 

251. Sida periplocifolia, Sp. 684 . , 

252. Sida rhombifolia, Sp. 684 .... 

256, Sida alnifolia, Sp. 684 


Gynandropsis pentaphylia, DC. 

No specimen, 

C. viscosa, L. 

G. viscosa, L,, var. {drawing}^ 

C. monopbylla, L. 

W. indica, L. 

No specimen. 

No specimen, 

M. corchorifolia^ var. 

C. monocarpus, L. 
jH. Mystax, L,, and Aiicistrocladus 
j Vablib^lr;^. 

Pterospermurn suberifolium, Lam, 
Wissndula zeylanica, Med, 

S. rbombifolia, L. 

) S. rhombifolia, D., var. ‘C and S. cor- 
) difolia^ L, 


The specimens are very iudidereDt. 


254. Sida spinosa, sp. 683 S. spinosa, L. 

255. Malva tomentosa, sp. 687. . . . Sida cordifolia, L. (drawing). 

This is indeterminable ; for thoxigb the drawing probably re- 
presents Sida cordifolia, tbe specamen (vol. iv. fol. 3) appears to 
be a fragment without flowers of some Labiate plant. 


256. Urena lobata, Sp. 692 U. lobata, L. 

257. Urena sinuata, Sp. 692 U. sinuata, L. 

258. Hibiscus populneus, Sp. 694 . . Thespesia populnea, Corr. 

259. Hibiscus tiliaceus, Sp. 694 . . H. tiliaceus, X. 

260. Hibiscus Rosa- sinensis, Si). I n -o . ■ r 

‘ j' H. Kosa-smensis, X. 

261. Hibiscus Abeimoscbus, Sp 696 H. Abelmosclius, X. 

262. Hibiscus Sabdaiiffa^ Sp. 695. . No specimen. 

266. Hibiscus flculiieus, Sp. 695 . . No specimen. 

264. Hibiscus Sabdariffa, /d, Sp. 695 II. surattensis, X. 

265. Hi])iscus vitifoiius, Sp. 696 , . IL vitifolius^ X. 

266. Hibiscus zeykuicus, Sp. 697. Favonia odorata, Willi. 

Hermann’s specimen is certainly P. odorata^ Willd., and not 
P. zeplanica, Cav., as generally named. 

26/. Not named Gossypium herbaceinn, X. 

268. Polygala ciliata, Sp. 705 .... Salomonia oblongifolia, DC. 

The specimens quite correspond ■with S. oblongifolla^ DC., 
having obiong-oval leaves, very slightly cordate at the base, and 
with a few large marginal bristles. As mentioned by Air. W. 
Terguson in Thw. Euum. PL ZeyL p. 22, tbej agree with 
C, P. 1086. In PL Brit.' Ind. (i. p. 207), liow'ever, these same 
specimens are said to be identical with Arnett’s 8. cor data, wiiich 
lias broader leaves, and is C. P. 2906. But, I think these are 
scarcely more than varieties of one species. 
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269. Polygala triflora> Sp. 7^5 .... P. glaucoides, var. 

P. trijlora^ L., is considered a variety of P. eliimnsis in PL 
Brit. Ind. i. p. 204 j but it lias very short racemes, and is better 
placed as a variety under P. glaucoides^ L. It agrees with 
Tliwaites’a P. arvends, var. p (Eiiuin. p 400), wliicli is C. P. 10S3, 
and P, glaiicoides^ var. 2, of tbe FL Brit. Ind- 

270 . Pokgala glaucoitles, Sp. 705. P. glaucoides, X. 

271 . xAspahithiis intlica, Sp. 712 Indigo fera aspularlioides, FaM. 

272 . Ifidigofera hirsiita, Sp. 751 . . i. hirsuta, L. 

273 . Iiidigofera tinctoria, Sp. 751 . I. tinctoria, X. 

274 . Indigofera glabra, Sp. 7ol . . I. pentapiiyila, X. 

Tiie leaves are liairy. This seems quite the same as J. 
pliplJa^ L., which is a later name. 

275. ErydH-iua Gorallodeudrum, sp. i g [dravcimj). 

Linnfeins’s P. Corallodendmm includes more than one s|)ecies, 
and cannot be maintained. 


276 . 

277- 

27s. 

279. 

280. 
281. 
282. 

283. 

284. 

285. 

286. 

287. 

288. 

289. 

290. 

291. 

292. 

293. 

294. 

295. 

296. 


Crotalaria retnsa, Sp. 715 C. retasa, X. 

Crotalaria verrucosa, Sp. 715. 0. verrucosa, L. 

Crotalaria labuniifolia, Sp. 715 0. labuniitblia, L. 

Cytisus Cajan, Sp. 739 Cajanus iiidiciis, Sprenff. 

Fiiaseolus Max, Sp. 725 P. Max, L. 

Phaseoliis radiatus, Sp. 725 . . No specimeti, 

Dolichos scarabiEoides, Sp. 726 Atylosia scarabceoides, Bentk. 
Ciitoria ternatea, Sp. 753 ... . C. teruatea, L. 

Glycine Abrus, Sp. 753(Abrusl „.ecatorius L 

preeatorius, Syst. ed.xii.47:2) p sp .. 

Trigonella iudica, Sp. 778 . . Rothia trifoliata, Pers. 
Hed|sarum triquetrum, Sp. | ] 3 g 3 ,„odium triquetrum, DC. 

Heflysarum vagiiiale, Sp. 746. Alyssiearpos vaginalis, DC. 

Hedywum nummularifolium, I lujigofera ecbinata, Willd. 

Hedysarum strobiliferum, Sp. 1 strobilifera, R. Br. 

/4o I ° 

I]|dvsarum maculatum, Sp. | specimen. 

Hedysarum diphyllum, Sp. | Zornia diphvlla, Pers. 

/•*/ \ 

Hedparum pulcbellum, Sp. J pulchellum, Benth. 

Hedysarum umbelktum, nraheWntnm, DC. 

Hedysarum heterocarpum, Sp. I Besmodium heteroe-irpum, DC. 

747 I (D. polyearpou,i)C.).^_ ^ 

Hedysarum viscidiim, Sp. 747. Pseiidarthna viscida, H igkt c3' 

Hedysarum biartieulatum, Sp. I nesmo.lium biarticuktum, 

/4/' i 
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297 . Hedysanim triflorum, Sp. 747 Desmotlium trifloram, DC. 

298. iEsehyiiomene aspera, Sp. 713 A. aspera^ L. 

299. Cracca villosa, Sp. 752 Tephrosia \iliosa, Pers. 

300. Cracea maxima^ Sp. 752 .... Tephrosia purpurea, Pers., var. 

301. Cracca purpurea^ Sp. 752. . . . Tephrosia purpurea, Pers. 

302. Cracca tinctoria, Sp. 752 ... . Tephrosia tiuctoria, Pers. 

303. Cracca seuticosa, Sp. 752 ... . Tephrosia seiiticosa, Pers. 

Hermann’s are the only specimens of this species I haye seen 
from Ceylon ; nor did Thwaites ever meet with it. The pods are 
onl}^ sparingly pilose, much less so than in T. pentajPi^Ua^ Grab., 
from Burma. (See also Wight and Aruott, Prod. FI. Ind. Or, 
p. 212). One of Hermann’s specimens consists of leaves only, 
very luxmdant, and looking as if from a cultivated plant. 


304. Citrus Aurantiiun, Sp. 782 .. No specimen. 

305. Gacalia sonchifoiia, Sp. 835 .. Emilia sonchifolia, DC. 

306. Eupatorium zeyknicum, Sp. J Vemonia zeylanica, 

307 . Onaplialium indiciim, Sp. 852 Amphidoxa guaplialodes, DC. 


This is the other casein which Linnmus has taken a Cape plant 
for a Ceylon one. The specimens are Amphidoxa gnapJialodes, 
DC. ; hutLinmens has added a reference to a figure of a Madras 
plant in Piukenet (t. 187. fig. 5), which may perhaps represent 
the plant now universally called GnapliaUum indiciim. Suhvse- 
quently he seems to have discovered that Hermann’s specimens 
were from the Cape, as he adds in Sp. Plant, ii. p. 1200, “ Cap. 
B. Spei,” where G. indicum, auct., however, does not occur. It 
would thus seem that this common Eastern tropical weed cannot 
retain the name by which it has been so long known, as there is 
no reason to suppose it to be the G. i/idicum intended by 
Linnaeus^'. This weed, G. zndicum, auct. (non L.), is a very 
recent introduction to Ceylon ; Thwaites remarks (Baum. p. 422) 
that .he had never seen it ; and I doubt if it were to he found 
mueii before 1SS2, when I first noticed it. It had then become 
a noticeable weed in some of the cofiee-estates in the hills, and 
went among the planters by the inappropriate name of “ A¥iid 
Mignonette.” Since then it has rapidly spread in the estates. 


308. Verhesina pseudo-Acniella, Sp 

901 (Spikiithes pseiirio-Ac- 
mella, Syst. ed. xiii. 610) . . 

309. Verhesina Acmelk, Sp. 901 

(Spilanthes Acmdla, Syst. 
ed. xiii. 610) 


I* Wedelia biflora, DC.? 

( Phiinviilea ktifolia, DC. 

( (The drawing S. Acmelia, L.). 


There is no specimen of G, indmim, L., in Lijuimus s own herbarium. 



;Ori) LiN^rjEUs’s ‘ jFLOBA zetla:n^ica/ 


149 


SOS and 309. Both these species of Liiina'iis IiaTe been usually 
referred to Spilan flies Acniella^ L. ; but iieitlier of Hermann’s 
specimens are of that plant. The drawing, however, of 309 re- 
presents S, Acmella : and the figure of Piiikenet's quoted is also 
for that plant, wbieb, in spite of the specimens, is probably what 
was intended. But SOS, V. pseudo- Acmella, is almost certainly 
young Wedelia Mflom ; and with this species Plukenet’s figure 
quoted hy Liiiiiseiis also corresponds. 


310. Yerbesina Lavenia, Sp. 902 . . 

311. Yerbesiiia calendulacea, Sp. | 

902 I 

312. Spliaerantliiis indiciis,, Sp. 927. 
313- Lobelia Piumieri, Sp. 929 . . 
314. Impatieiis oppositifolia, Sp. ( 

937 _ j 

31o. Impatiens triflora, Sp. 93S . . 
3l(S. Impatiens conmta, Sp. 937 . . 


Adenostemma viscosum, Forsi. 
Wedelia calendiilacea, Less. 

S. indieiis, L. 

Scsevola Koeiiigii, Vald [drawing). 
L oppositifolia, L> 

Hydrocera triflora, Wight Arn. 
1, Balsamina, L., var. 


J. cormita, L., seems a well-marked variety at least of J. Bal- 


scimina, and is quite wild in Ceylon. The leaves are Itinceo- 
]ate and attenuate at the base, and the spur of the rather small 
flower is very long and slender. Linnaeus gives a good descrip- 
tion of Hermann's specimens, and quotes with approval the 
excellent figure in Tlies. Zeylau. t. 16. f. 1. 

317* Yiola enneasperma, Sp. 93/ . . lonidium siifiinticosiim, Ging.^ var. 

This is a diffuse form of I. siiffriiticosum^ith. the leaves 


nearly entire. 

318. Viola suffruticosa, Sp. 937 . . 

319. Orchis strateumatica, Sp.943. 

320. Orchis cubitalis, Sp. 940 .... 

321. Nepenthes distiliatoria, Sp. 

955 

322. Pistia Stratiotes, Sp. 963 . , . 

323. Aristoloehia indica, Sp. 960 . 

324. Grewia orientalis, Sp. 964 .... 

325. Aram clivaricatum, Sp. 966 . . 

326. Arum trilobatum, Sf>. 965 . . . - 

327. Arum iiiacmrliizum, Sp. 965. 

328. Dracontiiim spinosimi, Sp. 967 

329. Pothos seaiideiis, Sp. 968 .... 

330. Coix Lacryma-Jobi, Sp. 9/2. . 

331. Phyllaiitlius Niruri, Sp. 981 . . 

332. Phyllaiitlius urinaria, Sp. 982. 

333. Pliyilaiithiis Emblica, Sp. 982- 


lonidium suffruticosimi, Ging. 
Zeiixine saleatsi, Lindl 
Habenaria cubitalis, E. Br. 

N. distiliatoria, L. 

‘P. Stratiotes, L. 

A. indica, L. 

G. orientalis, L. 

No specimen. 

Typlioniiim trilobatiim, Sckoit 

{ Aiocasia macrorrhiza, Schott, 
(drawing). 

Lasia spinosa, Tkw, (drawing). 

P. scandens, L. 

Cois Lacryma, L. 

P. Niruri, L. (drawmg). 

P. urinaria, L. 

P. distichus, 3IuU. Arg. (drawing.) 


There is no specimen. The plant figured is not the wild 
Nelli ” of Ceylon, P. Emhliea, but the cultivated P. disticlim 
{Cieca dlsficJin). 
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334. Tragia Mercurialis, Sp. 980 . . 

335. Tragia Chaiii^xiUieas Sp. 991 . . 

336. Urtica interrupta, Sp, 985 . . 

337 . Morus intlica, Sp. 986 

338. ABiaraiithus spiiiusus, Sp. 991. 

339. Kicinus comiiiuriis, Sp. lOO/. 

340. Tragia iiivolucrata, Sp. 980 . . 

341. Aealypba indica, Sp. 1003 .. 

342. Acalypha virginica, Sp. 1003. 

343. Croton Tiglium, Sp. 1004 .... 

344. Croton lacciferum, Sp. 1005. . 

345. Croton aromaticum, Sp. 1005. 

346. Groton moluecaiium, Sp. 1005 


No specimen,. 

Sebastiaria Ciianiscbeay Arg. 
Fleurya interrupta^ Gaud. 

M. indica, X. 

A, spiuosus, X. (druwhig). 

R. commxuiis, X. {druioing), 

T. iavolucrata, X. 

A. indica, X. 

No specimen. 

C. Tiglium, X. 

C. kcciferuni, X. 

C. aromaticiiin, X. 

Givotia rottleriformis, Griff , ? 


I do not feel sure as to tlie determination of tliis specimen,- but 
believe it to be Glcotia. It is certainly not moliiccnmts, 

Miill. Arg., to which that author says (DC. Prod. xv. 2, p. 958) 
the specimen of Oroton moluce. in PIb. Linn.” is to be referrecL 


^ I Jatropha glandulifera, Eoa?5. 

34/. Croton spmosiim,sp.l00o (drawing). 

■ Hermann’s drawing is very unsatisfactory ; but I think it re- 
presents J. glayididifera^ a not uncommon introduced weed in 
Ceylon. 


348. Jatropha moluccana, Sp. 1006. Aleurites triloba, Forst. 

This is the tree so universally cultivated in the low moist dis- 
tricts of Ceylon for the oil of its seeds, which is, however, now 
giving way to Kerosine. 


349. Sterculia fcetida, Sp. 1008. . . . 

350 . Sterculia Balaiighas, Sp. 1007. 
361. Momordica Charantia, Sp. 

1009 

352. Momordica Luffa, Sp. 1009 . . 
363. Bryonia pahnata, Sp. 1012 . . 


S. fcetida^ X 
S. Balanghas, X. 

I No specimen. 

* Luffa acutangula, Uosoh. [drawing). 
B. lacinosa, L, 


The specimen is very had, hut seems to he nothing more than 
B.lacmma ; but Liunmiis’s description and the native name refer 
to Modecca ^almata. 


354. Bryonia cordifolia, Sp. 1012 . . Mukia scabrella, Am. 

There are only leaves, which appear to be those of the ordinary 
form of Mukia scahrella, 

355. Bryonia laciniosa, Sp. 1013 . . No specimen. 

356. Cncumis maderaspatanus, Sp.j Mnkk scMK Arn., var. 

The specimens are of a nearly glabrous-leaved form of Mukia 



AXD LTX5-T^rs’s ‘ PLOR.V ZEYL.i;N”ICi,’ 


151 


s^fihrella. Cogniaiix (Mon. Cucurb. p. 623) calls this species 
Ilelotli ria maderaspata n a. 

i A. Ennius, Sprang.^ A. zeylanicura, 
Lam.^ and A. GiiEesaiiibiila, 

Gaertn. 

As sliowii by the numerous specimens in tbe lierbarimiij the 
name A. Alexiteria, L., cannot rigbtly be restricted to A. zepla- 
nicum^ Lam., as I have applied it in ^Oat, Plants Ceylon,’ p. 81. 

358. Dioscorea sativa, S|). 1033 . . Tiuospora cordi folia, 2Iiers. 

Liiinseiis must bare been well acquainted witli D, safiva ; and 
Ms reference to it of these specimens of the very different R:isa- 
kinda,” Tinospora corcVfoUa, must be regarded as an inadvertence. 

359. Dioscorea biilhifera, Sp. 1033. Ao specimen, 

36*0. Dioscorea alata, Sp. 1033 .... D. alata, L. ? 

Only leaves represent tliis; and I cannot feel sure of their 
identification with D. alafa^ which is a cultivated Yam in Ceylon. 

361. Dioscorea oppositifolia, Sp. j ^ op|,ositifolia, L. 

362. Not named Cyclea Burmanni, Miers, 

In the ‘ Flora Zejdanica ’ this is referred from its facies to Dios- 
€orea ; but it was not taken up by Linmeus in bis subsequent 
works under that or any other genus. 

363. Dioscorea pentaphylla, Sp.^^ pentaphrlla, i. (drawinff). 

364. Smilax zeyhinica, Sp. 102.9 . . S. zeylanica, L, 

365. Carica Papaya, Sp. 1036 .... No specimen, 

366. Clutia Eluteria, Sp. 1042 No specmm. 

367. Clutia retusa, Sp. 1042 Bridelia retusa, Spre^ig. 

368. Musa paradisiaca, Sp. 1043 . * M. paradisiaca, L. 

36.0. Celtis orientalis, Sp. 1044 ‘Trema orientalis (L-.). 

370 . Not named^ .. 1 ...... . ..... No specimen, 

371 . Parietaria zeylanica, Sp. 10521 

(Urtica aiienata, Syst. ed. sii, Pouzokia zeylauica. Gawd,, var. 

622) ‘ ) 

The Vrlica aiienata of Linn, is rightly regarded by Weddell as 
n variety only of Domohia indiea^ it is tlie zephmiea^ d. J. 
Benin (PL Jav. Ear. p. 67), who quotes Hermann’s specimen. 

372 . Ficus religiosa, Sp. 1059 .... F. rcligiosa, X. 

373 . Osmunaa zeylanica, Sp. 106^ j zeylaniea, Hook. 

ii74. Oplgossura^ seanaens, Sp. j L,.go,,ium scaudens, Sw. 

375. OphH|lossum flesuosum, Sp.l Lygodhun flexuosum, Sic. 
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376. Acrostielium siliqiiosum. Sp. I ^ x • r ^ i 

IQjQ ^ tiialicti’Dides; Broncj, 

Tliis is nothing more tlian a starved specimen of 377 with good 
fmctificatioii. 

377. Acro^Jehum ^aUctroWes, Sp. J Ceratopteris thalietroides,BroB^. 

3/8. Acrostichum heterophyllum, | Dryinoglossum heterop]i37llum (L.)* 
Sp. 1067 i (D. piioselioides, Pred). 

379. Acro|tichum digitatum, Sp. J 

380. Acrosticliam lanceoktum, Sp. [ Niphobolus laiiceolatiis(Z.)* (Poly- 

1067 1 podium adnascens, Sw.). 

381. Adiantum caudatum, Mant. | caudatum, L. 

382. Polgwdium quercifolium, Sp.| p_ 

383. Pol^Todium Sp. J Nephrolepis cordifolia, Presl. 

As tliis is the type of P. auriculatuniy L., the name Wepliro- 
lepis miviculaia should, in accordance with the principles whicli 
are held to goyern the nomenclature of Perns, take the place 
of A7. corclifolia. Linnaeus’s plant has generally been taken to 
be JPolijstlcliuM atiriciilatwn^ Presl, which perhaps Burman’s 
wretched figure quoted by Linnseus may represent. 

3S4. PoHTodium Spelunc*, Sp.^ ^ | Microlepia SpelunciB, Moore. 

^ iSr!!!'. [ Asplenmm faleatum, Lam. 1 

The determination of this is somewhat doubtful ; the specimen 
is without fructification. 

38C. Lycoijodmm^ Phlegtnaria, Sp. J pu^gmaria, L. 

387. Lj^ooi^dium m-nuura, Sp. J eernuum, L. 

388, Lycopodium ornithopodioides, ( Selagiuella ornithopodioides (L.)* 

Sp. 1105 ( (S. integemraa. Spring), 

Hermann’s plant is the very common little species in the South 
of Ceylon, which Baker (Journ. Bot. ssii. p. 88) refers to S. inte- 
gerrima^ Spring, adding that it is the L, ornithopodioides of the 
Linnean lierbarium. I think it should keep this latter specific 
name, though Linnaeus has confused his species hy quoting for 
it the figure in Billeniusk ‘Hist. Muse.,’ which that writer 
considered to be Hermann’s Ceylon plant, but which repre- 

It is customary in Bern-nomenclature to retain the earliest specific name 
under whatevei' genus it may have been published. ■ 
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sents a dilfereiit species'^. Baker (I. c. xxi. p. 10), bowerer, 
retains tlie name S, ornliho^odioides for this latter species, as was 
done by Spring also. 

389. Fueiis natans, Bp. 1100 Sargassiim polyphylhmi, Turn, 

390. PhcEiiix clactylifera, Sp. IISS. specimen, 

391. Cocos niieifera, Bp. 1188 .... C. nucifera, L. (draiving). 

392. Areca Catheeu, Sp. 1189 .... Areea Catediu, L, (dratving), 

393. Gycas cireiiialis, Sp. 1188 ... . Cycas circinaiis, L, {drawing), 

394. Corvpha umbracuiifera, Sp. I 

II ‘ is 0 specimen, 

395. Borassiis flabelisfer, Sp. 118/") 

(B. iiabeliiformis, Syst. Veg. ^ No specimen, 
ed. xiii. 829} j 

39(). Carycta iircns, Sp. 1189 .... Caryota nreiis, L. (drawing), 

397 . Elate sykestris, Sp, 1189 .... Ab specimen. 


Ohscurce. 


398. OpWosylon serpmirinum, Sp. j .evpeutinum, L. 

39.9. Terbeiia nodifiora, Sp. 21. . . . Lippia iioditiora, Kicli. (clraicmg). 

400. Knoxia zeylaiiica, Sp. 105 . . K. zeylanica, L. 

401. Cyclamen iiKliciim, Sp. 145.. Cyclamen? (drawing). 


I can make notbing of this extraordinary drawing, which appears 
to have puzzled Lmna?us, who, however, gives a description of it. 
It seems to be a CijeTamen^ and the native name Brula,” given 
by Hermann, which would mean Pig’s Tam,” may be compared 
with the English name Sow-bread.” It may have been grown 


in some Dutchman’s garden. 

402. Ophiorhiza Mangos, Sp. 150. 

403. Ribesioidest 

404. Apocyno-nerium 

405. Jasmino-nerium 

406. Phantis 

407 . Baniiisterioides 

408. Saiitaloides. ...... . . , , . . . 

409. Eugenioides 

410. Rhamnicastram 

411. Mentha auricularia, Mant. 81. 

412. Stsechado-meiitlia 

413. Vitex trifolia, Sp. 638 

414. ’Vitex Negimdo, Sp. 638 .... 

415. Yitex pinnata, Sp. 638 


O. Mangos, L. 

Embelia Ribes, Burm. 

Hanteria coiymbosa, Roxh. 

Carissa spiBarum, L, 

Atalantia racemosa, Wight Arn."? 
Xanthophyllam flavesceos, Roxb. 
Roarea santaloides, Wight 4* Am. 
Synaplocos spicata, Roxb, 

Scolopia Gacrtneri, Thw. 
Bysophyila auricularia, Blunie. 
Adenosma camphoratum, Hook,f, 
No specimen. 

No specimen. 

Titex altissima, L.f., var. 


V.jmmaiajlj. seems but a variety of V, altissima^ with densely 


* As Sir J. E. Smith determined fay considting Dilleniiia’s own specimen at 
Oxford. (See liis MS. note in Limiseus's own herbarium.) 

t 'The names to which no reference is attached are those of the ‘ Mora 
Zeylanica’ itself, not taken up by Linnaeus in his subsequent systematic worts. 
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tomeiitose -pubescent leaves, Tbe name is not taken up in I'L 
Brit. Ind.y but its equivalent in FJ. Zeylanica, 
is quoted there (iv. p. 585) under V. pubescens^ Tahl. If this be 
coiTect and the species maintainedj V, pinnoia, L., must supersede 
Yahl’s name, and indeed F. altissima, L. £j also. 

P. serratifolia, L. 

Derris uliginosa, Bentlh 
Vernonia anthelmintiea, WiM- 

Vemonia cinerea,Xm. 

Epaltes divaricata, Cass. 

C. indicum, L. 

Ainorphophalliis canjpamilatus, Bl. 
H. peltata, llezm. {drawing). 

Pteris ensiformis, Burm. 
StenochlEena paliistve {Bmyn.). 
Nephrolepis acuta, Presi'? 

Nei)hrodium unituin, Schott. 

Pteris quadriaiirita, Betz. 

Gleicheoia linearis, C. B, Clarke, 

Diibice, 


430. Higlmllni^nda Maba busifoiia, Pers. 

431. Kaluhaburuiighos Cleistanthus acummatus, 

432. Nelughas Mallotus fusceseens, Mull. Arg. 

433. Sarriandura Saniadera indica, Guertn. 

434. Gaedawaka Chaitoearpus castaiiocarpiis, Thw. 

435. Mhidela Barringtonia raceniosa, 

436. Hibiscoides Coscinium feiiestratum, Colehr. 

437. Euonymoides Gyinaosporia eraarginata, Roth, 

438. Oxycoccoides Ficus diversiform is, MtV/. 


The specimen consists of the creeping stems with ^small leaves 
such as are found clinging to rocks abundantly ; this state bears 
a considerable outward resemblance to the Cranberry, which 
accounts for Linnseus’s temporary name. 

439. Wselmedya Hippocratea indica, Willi. 

440. Pedaiium Murex, Sp. ed.ii. 829. P. Murex, L. {drawing). 

441. Rims Cobbe, Sp, 26*7. Allophylus Cobbe, Blume. 

442. Panaghas Aglaia Roxburghiana, Miq. 

443. Jurighas Filicium dccipiens, Thw. 

BarhaTcB. 

These are numbered 444 to 573. Of none are there specimens 
in Hermann’s herbarium except of: — 

49;9. Oxalis 


416. Premna serratifolia, Mant. ii. I 

253 \ 

417. Pterocarpus 

418. Conyza anthelmintiea, Sp.ed.ii. ) 

1207 f 

419. Conyza cinerea, Sp. 863 .... 

420. Erigeroides 

421. Chrysanthemum indicum, Sp. } 

889 ( 

422. Dracunculns 

423. Hernandia Sonora, Sp. 981 . . 

424. Filix 

425 Filix 

426. Filix 

427. Polvpodium unitum, Sp. ed. ii. 1 

1548 j 

428. Fihx 

429. Filix 


0. corniculatR) L. 
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The following ha?e, however, been named bj Liiiine;is,, and of 
two of them there are drawings : — 

465. Andropogou Schosiiantlius, Sp. 

1046. 

46S. Calamus Rotang, Sp. 325. 

4/1. Maiigifera iodica, Sp. 200. 

504. EuphorWa parviflo.-a, Sp. e.l.ii. I j, (drnmmff). 

505. Mimosa virgata, Sp, 519. 

511. Ocimum minimum, Sp. 597- 

520, Sida Abutilon, /5, Sp. 6*85 (S. I Abutilon asiaticum, D. Don 

asiatica, Sp. ii. 964) ( {drawing), 

534. Dolichos Soja, Sp. 72/. 

539. Dolichos priiriens, Sp. ii. 1019. 

553. Hedvsarum hamatum, Sp. ii. 

1057. 

563. Amarauthiis caudatiis, Sp. 990. 

569. Xauthium Struinarium, Sp. 987. 

There are also drawiags of the following: — 


469. Cornus Memecylum urahellatiira, 

490. Asclepias Tylopliora astlimatica, Wight Sf A ni. 

491. Asclepias Tylophora astlimatica, Wight 4' A r/i .? 

519. Sida. Abutilon asiaticum, D. Don, 

533. Miirtiighas Lagerstroemia Fios-reginse, Bets. 

552. Tdfolium Alelilotus parvitiora, Desf. ? 


Annihilate. 

These names occupy nos. 574 to 687. There are no specimens 
of any, and only one is figured : — 

591. Modecca . . Modecca palmata, ham, {drawing). 


There are also in the Herbarium specimens, neither named nor 
numbered, of the following Ceylon plants : — 


Alyxia zeylanica, Wight. 

Tylopliora asthmatica, Wight Arn. 
Vandellia Crustacea, JBenth. 

Striga eiiphrasioides, B&nth, 


Orthosiphon glabratus, Bmth. 
Gelonium lanceolatura, t¥iild, 
Curculigo orchioides, Gaertn. 
Aneiiema giganteum, R. Br. 


In Yoi. i. of the Herbarium, fol. 18, is a specimen, not numbered, 
labelled by Linna?us ^^Omitkerad^ The plant is Turrea mlhsa^ 
Bonn., which is a native of some of the hills of Southern India, 
but never recorded for Ceylon. This specimen is not men- 
tioned in the ‘ Musseum Zeylan.' p. 4, nor taken up in the ‘ Tlora 
Zeylaniea.’ Linnams’s Gunihera w*as never published; but 
there is a MS. full description of it by Liun^us at the end of 
his own copy of the ^ Mora Zeylaniea ’ in the Society’s possession- 
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On Bigeneric Orcliid Hybrids. By Bo beet Alletst Bolee, 
A.L.S., xlssistaiit in the Herbariam of the Eoyal Gardens, Eew. 

[Bead 5th May 1887.] 

(Plate IV.) 

Zygoeolaxx VeitcMi, Bolfe^, is a remarkable bigeneric hybrid 
which recently flowered in the Boy^al Exotic Nursery of Messrs. 
James Yeiteh and Bons at Chelsea. It was raised by Mr. Sedeii, 
the well-known hybridist, by crossing Zijgojyetahim Grinitim, 
Lodd., with the pollen of Colax jugostcs, LiudL, the seed having 
been sown in April 1882 . The two parents are somewhat diverse in 
structure, as the accompanying Plate lY. will show. In Bentham 
and Hooker’s ‘ Genera Plantarura,’ however, Colax is reduced as 
a synonym of Ly caste, a course which hardly seems warranted by 
the structure of the two ; so that for the purpose of the present 
paper I have treated Colax as a distinct genus. 

The diversity in structure between this genus and Zygopetalmi 
renders the occurrence of a hybrid between them a matter of 
considerable interest, especially as hybrids generally are known 
to be more or less intermediate between the twm parents. This 
case is no exception to the general rule, as the accompanying 
Plate will show. The flower, in shape, is tolerably intermediate 
between the two paz'ents, the coloration most closely resembling 
that of the seed-parent, and the pollinarium approaching rather 
that of the pollen-parent. 

Being so far intermediate between the tzvo parents, the ques- 
tion arose as to how^ the plant should be treated in the scheme 
of classification. Several bigeneric hybrids of Orchidacese have 
been artificially produced ; and looking for the precedents 
adopted in these cases, I found the information respecting them 
to he very vague, and the nomenclature generally unsatisfactory. 
So that instead of confining my remarks to Zygocolax, I have 
extended the paper so as to include other bigeneric hybrids of the 
Order, and have specially considered the subject in its general 
bearing upon classification. 

Tbe way in which bigenerie hybrids of Orcbidaceas have hitherto 
been treated (omitting specific details) may be briefly summarized 
as follows, the seed-parent being enumerated in the left-hand 

* Gard. Chron. 1887, pt. 1, p. 765, 
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columii, the pollen-pareut in the middle, and the hybrid (or 
result) in the right-hand one : — 


Seed -jKi rent. 

PoIlenparCnt. j Hybrid. \ 

Pliaius. 

Aiicectocliiius. 

G-oodyera*. 

Gattleya. 

Caltleya. 

Lmlia.' 

Gattleya, 

Calanthe. 

Goodyera ^ . 

Ancectocbilus. 

Lmiia. 

Lmlia. 

Cat! leva. 
Sophrouitis. 

Thai us. 

Anmctochilus. j 

G-oodyera. | 

Gattleya (in one case), j 
L-adia (in four cases), i 
Ladia. ' 1 

1 Liclia. 1 


The result obtained from a study of the above Table is some- 
what curious. If Fhaius be crossed with Oalantlie, a Fliaius is 
the result ; though we have no example of what would happen 
were the cross effected the reverse way. The next two cases, 
however, supply this deficiency, as Goochjera and AnmGtocliilm 
may be crossed either way, the result depending entirely on 
which way the cross is effected. 

Thus far the influence has been on the side of the seed-parent, 
a result with which Lcelia crossed with Gattleya also agrees. But 
when the cross is efiected the reverse way, Lcelia becoming the 
pollen-parent, the result is in one instance a Gattleya^ but in no 
less than four others a Lcelia, So that the influence is now 
transferred to the side of the pollen-parent. But in the last 
case the result is yet more remarkable. If Gattleya be crossed 
with Soj^hronitis, the hybrid product belongs to neither of the 
parent genera, but to yet a third, namely, Lcelia. 

One case included in the above deserves a closer examination. 
Gattleya M&ssim (a form of G, lahiata) crossed with Lcelia pur- 
purata is reported to have produced at one time Gattleya exoni- 
ensis x , Eeichb. f ., and at another Lcelia Ganlmmiana X , Eeichh. f. 
It is only fair, however, to add that in the former case the 
parentage was not so carefully recorded as in the latter, leaving 
perhaps a slight possibility of some mistake t- 

* The plant in question is the old Goodyera discolor, Ker, now Hmmaria 
discolor, I/inclL, and not a true Goodyera. But it generally goes under the 
old name in gardens j and for the purpose of this Table it is convenient to 
retain the name under which the hybrids were described. Later in this paper 
it is mentioned under its true name. 

t I have it on the authority of the Messrs, Veitoh that the pedigree of some 
of their early hybrids was not so carefully recorded as it has been in more 
recent years. 
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The value of such a system is at once apparent. To take the 
case of Fliams grandifoUus, Lour., crossed with the pollen of Oa- 
lantJie vestita, W all. These two genera are placed by Bentham in 
distinct subtribes, and at least are sufficiently distinct, whether 
the subtrihal difference be maintained or not. But when the 
hybrid flowered, it was described by Prof. Reichenbach'^ as 
Pliaius irrorattis X ; and this author then reduced Oalanthe 
tHa, Wall., to FJiaius vestitus, Reichb. f. ; thus removing the plant 
from its immediate allies, and placing it in a position for which 
there is no justification. On the same grounds, the distinction 
between Ckdftejja and Lcelia has been held to be merely an arti- 
ficial one, and SojFironitis abandoned, except for a single species, 
wffiich does not materially difler from the remaining ones, and 
should stand or fall with them. If the future naming of bigenj^ric 
hybrids is to be conducted on these principles, there is no telling 
wd'iere we shall ultimately he landed, as the list is likely to be 
considerably augmented in the future. 

On the other baud, w^ehave the course adopted by Dr. Maxwell 
T. Masters in the case of Pliilageriax , a hybrid produced by 
crossing Lapageria r'osea^ Ruiz and Pay., with the pollen of Phi-- 
lesia huxifoUa^ Lam. This name was compounded from that of 
the two parents, the plant being called Pliilagena x YeiUhii^ 
Mast.t Such a course seems perfectly legitimate, and one which 
forms a precedent that may safely he followed in other similar 
cases. 

Before, however, examining these hybrids in detail, it will be 
as well to consider them in their general bearing upon classifica- 
tion. The question was propounded by Mr. Harry J. Yeitch in 
his paper on ^^The Hybridization of Orchids read before tim 
Orchid Conference, “How will these higenerie crosses affect the 
stability of the genera as at present circumscribed ? And what 
changes of nomenclature will be necessary to place the Orchidese 
on an intelligible basis as regards names ? ” 

To answer these queries aright both the positive and negative 
results of hybridization must be considered. As to positive 

* Gard. Cbron, 1867, p. 264-, with fig. 

t Ibid. 1872, p. 358, figs. 119, 120. 

X Ibid. 1885, i.pp. 628-632, with numerous figures; also Jourii. Hort. Soc. 
yii pp. 22-36, with five Plates. 
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results, "besides the hybrids afore-named there is one other, at 
least, in existence, but which has not yet flowered, iiamelj — 

Selenipcdiiim crossed with Cypti^ediiim, 

And of other crosses which have been eflected, and capsules 
produced, but from which no seedlings have been raised, we 
hare 

Bhfla crossed with Cahmfhe. 

AcaH'fhepk/jppm/)i crossed with 

C'kpsiii ,, ,, Zpr/opeiahifii. 

Zpgopefcdiim „ ,, Lgcaafc. 

Odoiituglossum „ ,, ZggopctalHm, 

Negative results are more difficult to deal with, as sevei*al 
failures may in some instances be followed by success. Still, 
from the long experience of the Messrs. Teitch in this field, the 
following extracts from the afore-named paper of Mr. Harry 
Yeitch may be admitted as fairly proven facts. Speaking of 
Mcmlevallia he says : — 

^^ILasdemlUa^ as a genus, is far more heterogeneous than was 
at first supposed, whence a mixture of the diflerent sections may 
not possibly be effected. . . . x4.11 attempts to intermix J£ Cliimdsra 
and its allies with the brilliant-flowered species have proved 
fruitless.” — Yeitchj Jouni. JSort. Soc. vii. p. 33. 

Eespecting Cattlega and LcsUa, we find the following : — 
Among Gattleyas we find that all the members of the lahiata 
group and also the Brazilian species with two-leaved stems, as C. 
intermedia^ C. Aclandiee^ G. superha^ &c., cross freely with each 
other and with the Brazilian Ltelias, which also cross freely with 
each other. . . . But neither the Catileyas nor the Brazilian Lcslias 
will cross freely with the Mexican Lcelia alhida.autummlhpmajaUs^ 
rnhescens, &c. Numerous crosses have been effected both ways, 
and capsules have been produced, but the seed has alw^ajs proved 
barren. X. anceps appears to be an exception ; for it seeds 
freely, whether crossed with a Catileya or with any of the Brazilian 
LetUasr — Velteli, 1. c. p. 29, 

Coining to Cypripedium^ the genus which of all others has most 
readily lent itself to the arts of the hybridizer, we find that while 
seedlings have been raised from the Tropical ximericaii Belenipe-^ 
Hum caudatiim crossed with the Indian Cypripedium harhitnm, 
jet attempts to cross the Indian species with the North -xliiierieaii 
O. speciahile have not been attended with much success. The 
cross has been attempted several times, and Mr. JScdeii has ob- 
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tained swollen seerl-pods, but tbeir contents have invariably 
turned out to be notliing but cbaif ; at least, be bas never suc- 
ceeded ill inducing any seed to germinate. And there are many ^ 
other instances within the limits of the Order where species of 
the same genus, and in some cases closely allied species, have 
hitherto successfnlly resisted all the arts of the hybridizer to effect 
a cross between them. 

So that, without insisting too strongly on the value o£ every 
item of negative evidence adduced, we are still justified in as- 
suming that while in some instances hybridization may be 
effected between species belonging to diverse genera, yet in other 
cases it may not be effected even between species belonging to 
the same genus. 

The question here naturally arises, Are these genera which 
may be hybridized together really distinct ? A negative answer 
is sometimes given to this query, though an affirmative one is 
more in harmony with the gradually accumulating evidence on 
the subject. To deny the distinctness of genera between which 
hybridization can be (artificially) effected difiers only in degree 
from what ivas once maintained with respect to species, namely 
that so-called species which would hybridize together were not 
really distinct, but only forms of the same species. But this 
theory is now completely exploded ; and it seems to me that, 
with respect to genera, the idea will also have to he given up, as 
the analogy between the twm cases is so very close. This 
analogy may be readily expressed in diagrammatic form as 
follows : — 

Table I., showing how^ Guj)rij)edhm larhatum has been connected 
with other species by artificial hybridization. 
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List of Species^ the mn?ibers agreeing icitTi those in the foregoing 

Diagram, 


1. Cypripediam barbatum. 

2. philippinense. 

3. Stonei. 

4. ^ Lowei. 

5. Eairrieanum. 

6. superbiens. 

7. Tiliosum. 

8. insigne. 

9. LaTTrenceanam. 

30. Hookeraj. 

11. Dayanum, 

12. liirsutissimum. 

13. Tenustum. 


14. Cjpripedium concolon 

15. iiiveum. 

16. purpuratum. 

17 . Spicerianum. 

18. Bruryi. 

19. Argus. 

20. jayaiiicum. 

21. Seleiiipediiiin caudatuin. 

22. Pearcei. 

23. lougiiblium (Eoezlii). 

24. cariciTiuni. 

25. Sclilimii. 


Tlie above table shows that Cgpripedhim larhatum lias been 
crossed with one species of ^elenipedmm and with fourteen species 
of Ogpripedium. 0£ these fourteen species -OLve have also been 
crossed with five other species, while the species of Sele7iipedium}m,'& 
been crossed with two other species of that genus, and these again 
with yet two additional ones. That is, tw^enty species of Cgpri- 
pedhm and five species of Selenipediion have been connected by 
artificial hybridization ; and these again have been connected by 
Selenipedimn caudatum crossed with Ci/pripedium harhatum ; so 
that all these twenty -five species, of two genera, may be said to be 
linked together by the skill of the hybridist. The diagram is 
not arranged to show' the various combinations which have been 
effected between these species, which details can be better 
expressed as in Table II. (See p. 162.) 

From this table we see that thirty-three combinations have 
been effected between the twenty species of Cgpripedium^ and 
live combinations betw^een the five species of tSelenipedium while 
the two groups have been connected by the hybrid raised froin 
Selenipedlum caudatum crossed with Cgpripedium harhatum* ^ or 
thirty-nine hybrids altogether. All these hybrids, with the ex- 
ception of the last-named tj have flowered, received distinctive 
names, and are now in cultivation in various horticultural 
establishments. 


“ One thing is certain, the three-celled ovary of the Selenipeds offers no im- 
pediment to fertilization by the poUinia of Gypripeds with a one-celled ovary, for 
we have plants raised from C, caudatum [Selmiijpediwn] X C. ha-rbahmt and many 
other like crosses have yielded seed.” — P^eitck, Journ, Mart. Sac. n. s. vii. p. 30. 

t This hybrid is in many respects a remarkable one. It was raised about 
1872; and although the plants continue strong and healthy in appearance, and 
increase in size every year, yet up to the present time not a single plant has 
flowered. 

'Lmis. JOUESr. — BOTASY, YOB, XXCT. P 



162 


MB. B. A. BOLFE OK 


Table II., stowing the combinations which have been effected 
between the twenty-one species given in Table I. 

Selenipeclium. 

Sclilimii « 

X 

Pearcei ® X 


longifoHiiai 
(Eoezlii) 
earieinum . 

caudaturn . 

Ojpripediiim. 

Argus 

barbatum . , 


X X 
X 


X 


concolor 

Dayanum 

Bruryi 

Faimeanum 

birsiitisslmum 

Hooter® 

insigne 

javanicum 

Lawreneeanum 

Lowei 

niyeiira 

pliilippinense 

purpuratum 

Spicenaiiuni 

St'Onei 

siiperbiens 

veiiustnin 

Tiliosiun 



These results are indeed remarkable, if not unsurpassed in the 
whole history of artificial hybridization. They indeed suggest 
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the possibility of tlie wliole of the tropical species of these two 
genera being ultimately connected in this manner. 

We have now the question of hybridism between distinct 
genera to consider, and, as before, the results obtained can best 
be expressed in diagrammatic form. 

Table III., showing the connections which have been obtained 
between distinct genera by artificial hybridization. 



154 Odontoglossum. 


Tour distinct diagrams are here represented, and with no con- 
nection between them, though it is convenient to place them side 
by side. The thick lines represent bigenerie hybrids which have 
flowered and been described; the thin ones represent crosses 
which have been effected and capsules produced, but from w^hich 
no seedlings were raised The numbers preceding the names 
* ‘‘ Wlien we enumerate the capsules which have been obtained from bige- 
neric crosses, but from which no seedlings have been raised, the list is some- 
what more formidable. Some of the most remarkable of these were produced 
by Acaiithejihijjpium Curtisux Ck^sis hmcte^cfis, BUtia Jijjacmthbmx Calcmthe 
mastica, Chysin mireaxZygopefahwi Sedcni [itself a hybrid. — -R. A. E.], Odoii^ 
toglossim hkioniensBXZggopefahm mas‘ilIaTe, and Zggopetahim 3Iael'agiX 
Lgcaste SMnneri, But, on the other hand, we have obtained a large number 
of capsules of the normal size, and to all appearance externally perfect, not 
only from bigeneric crosses, but even between species of the same genus, which 
contained not a single seed. And, lastly, I may note that Zggopetahm 3Iackagi 
has been crossed with several species of Odontoglossum, and seedlings raised 
from some of the crosses ; but every one that has yet flowered has proved to 
be Zygopdahm Mcwltayir — Veitch, Jouni, Hort, Soc, n. s. vii, p. 35. 

P 2 
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are taken from Bentham and Hooker’s ‘ G-enera Plantamm,’ and 
are gwen to show tlie relative positions of tke genera in the 
system of classification there adopted. 

The above diagram is extremely instructive, and fully bears 
out the analogy pointed out between this and the preceding case. 
We may consider existing hybrids first. 

The four genera AnmctocTiilus^ JScdmaria, Dossinia, and Ma- 
codes belong to the tribe Neottiece ; and, though closely allied, 
they possess certain structural differences which have been used 
for generic distinction. An interesting point in connection with 
this group is that Hmmaria has been crossed with each of the 
other three genera, Sdsmaria discolor, LindL, being in each case 
one of the parents. In two of the cases it was the seed-parent ; 
and although particulars are not fully given in the third case, 
still I strongly suspect in this also it was the seed-parent. 

The three genera Qattleya, Lcdia, and BoyTironitis belong to 
Bentham’s subtribe Lcelics, and are confessedly closely allied ; 
but the structural differences are such as to preclude the idea of 
uniting them together. The former has four pollen-masses, the 
two latter have eight ; and to give up the characters derived 
from the number of pollen-masses would be to disowm one of 
the characters universally relied on for generic distinction. So 
important, indeed, has the character been considered, that Prof. 
Eeichenbach, in the sixth volume of Walpers’s Annales,’ reduced 
Catileya and two other genera to 'E^idendrmn^ and Lmlia and 
four others to Bletia, on these very grounds, yet left Soyliro- 
nitis as distinct. Tately, in a recent issue of that splendidly 
illustrated work, ^ Sander’s Eeichenbachia,’ he again inculcates 
the same views 

On the other hand, so many hybrids have been raised between 
Catileya and Laslia, that Mr. Yeitch, in the afore-mentioned 
papers, relying on this very fact and on the difficulty of saying 
to which of the two genera some of these hybrids should be re- 
ferred (and they have always been referred to one or the other, 
sometimes very arbitrarily), remarked that the distinction between 
Cattleya and Leelia was confessedly an artificial one.” If we 

^ “ I have never endeavoured to thrust upon Amateurs such undoubtedly 
necessafy changes as the merging of the genus Cattleya into Eyidendmm, or 
Lmlia&n.^ SchomburgHa into the gQiiuBBUtia” — Beichh. f. in Sander's Beichcn- 
bacMa, sub t. 25 . 
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trj to harmonize these two^riews, we are reduced to the neces- 
sity of merging the whole range o£ genera from M^idendrum to 
Bletia into one. 

Oolax and Zygo^etalum (the former reduced by Bentham to 
Ly caste, but here restored) belong to the subtribe Cyrtoyodiew ; 
but as considerable differences exist in the structure of the polii- 
narium, they are placed twelxe genera apart. In fact, Bentham 
makes two groups, one with an elongated stipes on which the 
pollen-masses are seated, the other having them sessile on the 
gland ; Colax is placed in the former group, and Zyyopetaluin in 
the latter. So here, again, structural differences preclude the 
idea of merging the two genera in one. And if this were done, 
new characters must be sought for subdividing the Cyrtopodlece, 
or the nineteen genera be reduced to very few. 

The case of Fhaius and Oalanike is yet more remarkable, as 
tliey are placed in distinct subtribes by Bentham — Fliaius in 
JBletidecs, and Calantlie in Cceloyynecs. So that in this case, to 
unite the two genera would be to unite the two subtribes in one ; 
and how many genera would follow suit it is difficult to say — 
that is, assuming Bentham’s views as to the gap which separates 
these two genera to be substantially correct. Structurally different 
they certainly are ; and in this, as in the preceding cases, the 
differences are such as have hitherto been relied on as sufficient 
for generic distinction. If these structural differences are to be 
ignored because the plants possessing them can be hybridized 
together, the whole system of classification will be thrown into 
confusion. Indeed it would be kept in a state of perpetual fer- 
ment, as the advent of every new bigeneric hybrid would furnish 
the opportunity of overhauling existing arrangements in order to 
bring them into harmony with new discoveries. 

It may be that some of these are already foreshadowed by the 
connections represented by the thin lines on the above diagram — 
crosses effected and capsules produced, but no seedlings raised. 
Future experiments in this direction may be attended with 
greater success, as has already been the case in several other 
instances. At present these cases can only be considered as 
indicating future possibilities ; yet as capsules were produced, 
the fertilizing influence of the pollen cannot be doubted. These 
are not cases where, as Darwin puts it, the pollen had no more 
effect, when applied to the stigma, than so much inorganic dust. 
Passing them briefly in review, we may first take AcantJiepMp- 
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pum crossed witli Oliysis, These two genera are verj closely 
allied, the two genera placed between them by Bentham being 
Chants and Calanthe, Zygopetaluyn crossed with Lycaste fur- 
nishes an almost parallel case to the same genus crossed with 
Colaa;) and therefore calls for no special comment. Bletia 
crossed with Calantlie is almost analogous with FJiaius crossed 
with Qalanthe^ as Bletia and Bliams stand together in Bletidem^ 
while Calantlie is placed in Cmloyynece. Odontoglossim crossed 
with Zygopetal'um is an interesting connection, the former being 
placed in Oncidiem^ the latter in Cyrtopodiem. The same genera, 
crossed the reverse way, are mentioned in a footnote on p. 163. In 
that case the result of the cross was always simply Z. Maclcayi (the 
mother plant), a fact somewhat difficult to account for. But the 
last connection is a very remarkable one, namely, CJiysis crossed 
with Zygopetaltim, CJiysis belongs to the tribe Bpidendrece, 
Zygopetalum to Vandece. As to these primary divisions of the 
Order, no difference of opinion exists betw^een botanists ; and the 
poliiiiaria are so different in the two cases, that the results of 
future experiments in this direction, either as confirming or dis- 
proving the possibility of hybridization betw^een such diverse 
genera, wdll be awaited with great interest. 

"We therefore see that the results of hybridization in this Order 
have been of a remarkable and somewhat unlooked-for nature — 
results which may or may not have a very important bearing upon 
classification, according to tbe light in which they are considered. 
Hitherto, as we have already seen, higeneidc hybrids have either 
been placed in one' of the parent genera, or some rearrangement 
has been proposed in order to harmonize with the suj)posed new 
discoveries. If this course is to be persisted in, no finality can 
ever be anticipated while these hybridizing experiments coniinue. 
Calantlie JDommii, raised between C. masuca and G.fiircata^ was 
the first artificial hybrid Orchid which flowered. When, in 
October 1856, it was shown to Dr. Bindley, he remarked to the 
late Mr. Veitch, “ Why I you will drive the botanists mad.” And 
if our ideas of classification must be taken from the hybridist, 
there is much truth in the remark. I do not, however, think 
such a course is either desirable or necessary. These hybrids are 
mostly artificial productions ; and, for various reasons, very few 
of them may be expected to occur in a state of nature. Over a 
hundred have been raised in gardens in this country; and of 
these only two are known in a wild state. Blmlisnopsis inter- 
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media, described loanj years ago, Las recently been raised by 
the Messrs. Yeitcli, by crossing P. 'Aphrodite with iP, rosea; and 
Cypripedhim Morganim, raised between C. Sionei and Cl sujier- 
hiem, is so substantially similar to the wild Cl Storei, rar. platg- 
tmnium, that the latter is now sujjposed to be a natural hybrid 
betw^een these two species. 

From the foregoing details we may make the following de- 
ductions ; and these again indicate a method of treating these 
hybrids which seem to me at once unobjectionable in itself^ 
and does not interfere with the existing classification of genera 
and species : — 

1. Hybridization may take place not only between distinct 
species, but also between distinct genera — or between plants so 
structurally different as to be usually regarded as such. 

2. These hybrids are generally of artificial origin, or accident* 
ally produced, and cannot be treated in the scheme of classifica- 
tiou either as rarieties, species, or genera. 

3. The possibility of hybridization taking place between species 
bitherto considered as distinct does not necessarily prore them to 
be merely forms of tbe same species. 

4. The occurrence of a hybrid between two structurally dif- 
ferent genera does not prove the necessity of uniting them in 
one ; nor can such hybrids be arbitrarily referx'ed to either of the 
parent genera. 

5. Species, and genera too, will always have to be dealt with 
in the scheme of classification according to their structural 
peculiarities and differences, without reference to the possibility 
of hybridization taking place between them. 

It is therefore clear that hybrids, whether bigeneric or other- 
wise, should be dealt with on their own merits, and named in such 
a -way as to avoid all confusion between them and existing species 
and genera. In the case of species the common px^actice has 
been to give to a hybrid a new specific name, follow^ed by a “ X ” 
to indicate tbe hybrid origin of the plant. Thus Ggpnpedmm 
HaTrkimmm X is a hybrid raised from O'. viUosum crossed with 
O. harhattim ; though, to my mind, a name indicating at once its 
hybrid origin and parentage, as O. l)arbato-mllosuM, w'ould have 
been preferable. It the case of bigenerie hybrids it seems to me 
that the plan of compounding a name from that of tbe two 
pai-ents should always be followed, as “PhiJagerm x a name 
invented by Dr. Masters for a hybrid raised by crossing Zapa- 
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geria rosea with the pollen of Pliilesia huxijolia, Ey this means 
all confusion between them and natural genera would be 
avoided. 

The rest of this paper is devoted to carrying this idea into 
practice for the hi generic hybrids already in existence. 

Phaiocalafthe X . — This name is proposed for the hybrids 
produced between Fhaiusm.^ Qalantlie — two very distinct genera, 
and placed by Bentham in distinct subtribes. The former genus 
has been the seed-parent in the crosses at present effected ; and 
on the principle of placing the name of the pollen-parent first, 
some would have used the names the reverse way. But this 
does not seem to me a matter of vital importance, as in two of 
the following cases crosses have been effected both ways. The 
essential point seems to be to compound some euphonious name 
from that of the two parent genera, which shall serve as a sort of 
artificial genus for all the hybrids produced between those genera. 
Were the rule of placing the name of the pollen-plant first to be 
always adopted in compounding new names for bigeneric hybrids, 
it would, in the case of CattJeya and Lwlia (and in other cases), 
lead to two names being used for practically the same thing, a 
course which seems both undesirable and unnecessary. 

P. X lEEOEATA. — Pliaius irroratus, Beiclil. f. in GarcL Chrofi. 
1867, p. 264, with fig. ; also 1882, pt. 2, p. 565, fig. 100 ; FI Mag. 
t. 426. — A hybrid produced between Calanflie vestita, Wall., d, 
Bxid. Pliaius gran diflorus^ Lour., $, and partaking of the charac- 
ters of both parents. The cross wns efiected a second time: and 
as the progeny in this case proved somewhat darker in colour, it 
was called var. g)icrgureus. Por the present purpose, however, 
these colour-varieties need not be taken account of, as variation 
in this respect in tlie hybrid offspring is readily induced by 
selecting different colour- varieties in the parents 

LiELiocATTLETAX . — Proposed for the hybrids between ZceZm 
and Cattlega, the species of which readily hybridize together. 
The species of these genera have eight or four pollen-masses 

Phaius inquilinus, Eeichb. f. in G-ard. Chron. 1867, p. 544, might appear to 
come under PkaiocalantheX , as its parents are said to be, probably (the record 
being lost), Phaius vestitus and CaJanthe mamca or C. versicolor. Phaius vestitus 
(Eeichb. f. in G-ard. Obrou. 1867, p. 264, in note under P. irroratus), however, is 
simply Calanthe mstita, Wall., a genuine CaLanthe, which never ought to have 
been called Phaius at all. So that P, inquilinus is not a bigeneric hybrid, but a 
true Calmvthe^ which may stand as <7. inguiliriax. 
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respectively ; but tbe hybrids between tbem are so' irregular in 
this respectj that tbe greatest confusion exists between tbe two 
genera. By separating these hybrids as proposed, the boun- 
daries of the two genera will be clearly defined. 

L. X Amesiaisi A. — Lselia Amesiana x , ’Reichb.f. in Gard. Qliron- 
1884, pt. 1, p, 109. — A hybrid raised between Gattleya maxima^ 
LindL, and Lmlki crispa^ Eeichb. f., 5 - 

L.X BELLA. — Laelia bellax, 'Reiclib. f, in Gard. Cliron. 1884, 
pt. 1, p- 174. — A hybrid raised between Cattlej/a lahiata, LindL, 
d , and Laelia purpurata^ LindL, $ . 

L. X GALLISTOGLOSSA. — Lcelia caliistoglossa X , BeicJih, f. in 
Gard. Clvron, 1882, pt. 1, p. 76. — A hybrid raised between Cattleija 
Warsczewiczii^ Eeichb. f. (one of the multitudinous forms of G. 
labiata^ LindL ), d, Lcelia piirpurafa^ LindL, 2 • 

L. X Caxhamia^ta. — L jelia Canhatniaiia X , BeicJtl. f. in Gard. 
Cliron. 1885, pt. 2, p. 6, — ^A hybrid raised between Lcella pur- 
purata^ LindL, cf, and Gattleya LindL (a form of 

G. lahiata^ LindL), $ . 

L. XEXOXiENSTS. — Gattleya exoniensisx, Meiclib. f. in Gard. 
Cliron. 1867, p. Jennings^ Orch, 1. 1. — Said to have the same 
parentage as the preceding, but the plant is so different that some 
mistake has probably been made. 

L. XEELix. — Gattleya felixx, Beiclib.f. in Gard. Cliron. 1876, 
pt. 2, p. 68. — A hybrid raised between Gattleya ScMlleriana^ 
Eeichb. f., 6 , and Lislia crispa^ Eeichb. f., $ . 

L. xMxlamiais'a. — L selia Mylamianax, Meiclih. f. in Gard. 
Cliron. 1876, pt. 2, p. 740, fig. 138. — A hybrid raised between 
Zcdia crisp a^ Eeichb. f d , and Gattleya gramdosa, LindL, $ . 

L. X Philbeickiaka. — L selia Philbrickiana x , Eeiclib. f in 
Gard. Cliron. 1879, pt. 2, p. 102. — A hybrid raised between Zwlia 
elegans, Eeichb. f., d, and Gattleya Achlandm^ LindL, $ . 

L. xYeitchiats'a. — L selia Veitchianax, Meiclih. f. in Gard. 
Cliron. 1874, pt. 1, p. 566; FI. Mag. n. s. t. 305.— A hybrid 
raised between Gattleya lahiata^ LindL, d , and Lwlia crispa, 
Eeichb. f., $ . 

SoPHEOCATTLETAX .■ — Proposed for a hybrid raised between 
Caitleya and Soplironitis, a genus closely allied to Lmlia. 

S. x Batemaxxiaxa. — L^Iia Batemanniana x , Beielib. f. in 
Gard.Gliron. 1886, pt. 2, p. 263. — ^A hybrid raised between Sopliro- 
nitis grandijlora, LindL, d , and Gattleya intermedia^ Grab., $ . 
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^TOOCOLAXX, Molfe in Gard. CJiron. 1887, pt. 1, p. 765. — 
Proposed for a liybrid raised between Colaot^ and Zijgo^etal'im, Tlie 
former geims is reduced bj Eentham to Lgcaste, though its 
structural peculiarities, particularly the absence of a distinct 
gland, seem sufEeieiit to warrant its retention. (See Plate IV.) 

Z.xVErTCHil, Bolfe in Gard. Gliron, 1887, pt. l,j). 765. — A 
hybrid raised between Colax jugom^^ LindL, S', and Zygopetalimn 
crinitunij Lodd., $ . 

Akcectomabi A X .—Proposed for a hybrid between Ancecto- 
chillis and Hcemaria. 

A. X Domikii. — A noectochilus Dominii, cf. JGroc.Iloij,IIort. Soc. 
V. (1865) p. 139.”— A hybrid raised between Ilccmaria discolor^ 
LinclL, cJ, and Anmctocldlus Lohhianus^ Planch., $ {A. xmitlio- 
hort.), I have not found a full description of this hybrid. 

Macomaeiax. — P roposed for a hybrid between Jfacodes and 
M(B7naria. 

M, x Veitchii. — Goody era Veitchii, cf. Proc. Pog. Sort. Soc. ii. 
(1862) p. 546, also v. (1865) p. 139. — A hybrid raised between 
Macodes Petola^ Lindh, cf {A. Veitcliianus.) hort.), and Hamaria 
discolor, Lindh, $ . Like the preceding, tliis hybrid is but very 
briefly described. 

Lossikimaria X . — Proposed for a hybrid between Dossinia 
and ScBmaria, 

D. x Domikii. — G oodjera Dominii, cf,G^rrJ.G7^r^?^^.lS61,p. 531. 
— A hybrid raised between Possinicunarmorafa, Morren 
chillis Lowii, Koch et Lauche), and Pasmaria discolor, Lindh 
It is not mentioned which of these plants wms the male andwdiich 
the female pai^ent ; though I strongly suspect the last-named, as 
in the two preceding cases, was the seed-parent. The descrip- 
tion is as brief as possible. 


BESCPIPTIOK OP PLATE lY. 

Fig. 1. Flower of Colaic jugosus, Lindh, nat. size ; 1 a, its pollmarium (side- 
front view), X 5 diam. From Bot. Mag. t. 5661. 

Fig. 2. Flower of Zygo^ctahim crinitum, Lodd., mat. size. From a drawing in 
Lindley’s Herbarium (lip not in perspective.). 2 a, its pollinarium 
(back view), x 6 diam. From nature. 

Fig. 3. Flower of Zygocolcix X Veitchii, Eolfe, a hybrid between the foregoing, 
nat. size ; 3 a, its pollmarium (back view), X 6 diam. From nature. 
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Contributions to Soutli- African Botany. — Part III. 

By Haeby Bolus, F.L.S. 

[Bead 16tli June, 1887.] 

CBUCJIYEEiE. 

Palmstetjckia caeeysis, So?ul Flor, Cap, 2 . 35 (Peltaria 
capemis, Tlmnl. Flor, Cap, (ed. 1828) p. 490). — This sj)ecies 
has hitherto been known only from a deflorate speciraeii col- 
lected by Thunberg about the year 1774, and existing in his 
herbariimi now preserved at Upsala. i7o collector appears to 
have met with it since that date, until in 18S3 I was fortunate 
enough to find what is doubtless tbe same species both in flower 
and fruit. I am indebted to the authorities of the Eoyal Herba- 
rium at Kew for most valuable assistance (in tbis as in so inaii 3 r 
other instances) in comparing my specimens with Thunberg’s 
type, kindly lent by Prof. Berggren for the purpose ; and I 
think it will be useful to students of South- African plants to 
record the results, more especially as the genus is monotypic and 
endemic: — Tlmnberg’s specimen consists merely of the upper 
part of the stem in ripe fruit (the siliqum being | in. in dia- 
meter, while those of my specimens are not quite mature), and 
with but three or four leaves upon it. These are all bract-leaves 
at the base of the racemes, and there are no lower ones. They 
are linear-filiform and undivided with the exception of one, which 
shows a small tooth on one side and an appearance of an op|) 0 - 
site one, which (owing to the state of the specimen) cannot he 
distinctly seen. So far as the specimen goes, it agrees with 
my plants ; and it is probable that the lower leaves had fallen as 
maturity approached, and that Thunberg described the leaves from 
the specimen before him as filiform. His specimen was collected 
in the month of November, mine in September. I append a 
description of the latter : — 

Herbaeea, erecta, sparse et minute liispida, 20-40 centim. 
alta 5 caulis erectus, dichotome ramosus ; folia pinnatipartita, 
jugis 1-3 distantibus, lobis linearibns, folia infima 6 cm. ionga, 
superiora sensim minora, snprema vix divisa ; racemi laxi, frucfch 
feri 10-15 cm. longi, pedicellis graciiibus patentibns apice pen- 
dnlis, 1*5 cm. longis ; sepala elliptica, obtusa, concava, margine 
membraiiacea, 1 millim. Ionga ; petala obovata, 2*5 millim. Ionga ; 
stamina lateralia basi appendiculata ; stylus brevis, interdum 
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brevissimiis, stigmate majusculo subsessili ; ovarium ellipticiim ; 
siliqua orbicularis, 1 cm. [in exempl. Tbimbergiano 1*5 cm.] dia- 
metro. (v. ; descr. ex exemplL jplur. exsicc. sub num, 6502 dis- 

tribidisJ) 

Hah. In lapidosis, Kasteel Poort prope Eilij)fontein, in monti- 
bus Kaus, ditione Kamaqualand Minor, alt. circ. 900 metr., 
inense Sept., anno 1883, legi. Xo. 6502 in lierbb. meo, Kewensi, 

&c. 

Kasteel Poort is about 56 miles from Port Kollo tb by tbe 
Copper Milling Company’s tramnray, and I found the plant 
growing copiously in a patch near the western entrance to the 
Poort, the season being an extraordinarily good one. I confess 
I took it for some Ileliopliila^ little thinking it was the rare 
FalmstrucJcia^ and hence only gathered about eight speeimens. 
Kamaqualand is a very dry and a not easily accessible country ; 
annuals such as this only spring up after suitable rains, and I 
have not been able as yet to get any one to gather it again. 

Maltace.®. 

Hibiscus miceaxthus, Linii . — This occurs amongst Burchell’s 
plants Ko. 2264, Litaakun, Sept. 1812 ; and 2364, Maadji Moun- 
tain, Oct. 1812. The South-Afriean locality has not yet been 
published. 

SxEECULIACEiE. 

Melha:xia geique^tsis, Bolus, n. sp. Decumhens, ramis 
adseendeiitibus, 35-40 centim. longis. Stipulse filiformes. Polia 
oblongo-elliptica oblonga, vel (in exempli. Orpenianis) lineari- 
ohloiiga, basi cuneata, grosse serrata, 3-4 cm. longa, 1-1*5 cm. 
lata, eano-pubeseentia deinum subglabreseentia, petiolis 0*7-1 ‘3 
cm. longis ; peduncnli axillares, ssepins bihori, demuni reflexi, 
7-8 millim. longl ; pedicelli 2-4 mm. longi ; epicaljcis segmenta 
linearhsubulata, sepalis breviora; sepala lanceolata acuminata, 
8 mm. longa, capsulam oblongam stellato-tomentosam sequantia ; 
seniina Isevia. (Bx exempli, exsiec. BurclieUianis, Ko. 2050). 

Sab, Kloof Village, Asbestos Mountains (Griqualand West), 
Peb. 1812; Burchelll Ko. 2050 1; Griquatown, Mrs. Orpen; 
Herb. Bolus Ko. 6045. [Also, rocks at the Chue Spring, Oct. 7, 
1812, Burcliell 3385 ; Bakwena Territory, Betchuaua Country, 
Dr. Holiib ; and Klippan. Boshveld, Transvaal, Relmann 5220 
ill herb. Kew. — M. JE. Brownd\ 

This is nearest to M. Burchelli, HO., but differs in its leaves 
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and some otter characters. Mrs. Orpen’s plant, from the same 
locality as Burch ell’s hut gathered sixty years later, agrees in 
every respect with his specimens, save that the leaves are a little 
narrower in proportion to their breadth. 

TiLIACEiS. 

TnnrMEETTA So^tdeeiaka, Bolus, — T. trichocarpa, hSond, in 
Linncsci^ sxiii. p. 19. — Under the latter name Hochstetter had 
already published an Abyssinian species, in Bicli. M, Ahi/ss» 
i. 84. Sender’s name must therefore be replaced. 

CELASTEIlS'EiE. 

Celasteus maeitimtjs, Bolus, n. sp. Brutex glaber, inermis, 
ramosus, vel interdum subvirgatus, 2-3-pedalis, rainis cinereis, 
verrucosis, ramulis angulatis. Bolia ssepius elliptica vel ovata, 
coriacea, acuta, interdum brevissime apiculata, Integra, subtus 
venosa, superne Isevia, marginibus reflexis, 2~3 centim. longa, 
1'0-1*6 cm. lata, petiobs2 millim. longis ; liorespolygami, minimi, 
in axillas conferti ; pedicelli decurvi, 2 mm. longi,bracteis minutis; 

. calycis lacinije valde inaequales, subrotundee, concavm, coloratse ; 
petala obovato-oblonga, repando-crenulata ; stamina brevia ; 
stigma obscure trilobum; ovarium 2-loculare, loculis 2-ovu- 
latis ; fructus baud visus. (Ba^ exemjplh 

M.ah, In arenosis juxta litus maris, sinu Bisb Hoek, Benin- 
suIjb Capensis, for. Aug., legit Bolus No. 4767 ; jEdrZ>. Worm. 
Austr.-Afr.'^o. 307; in coll, arenosis, sinu Bletteuberg’s Bay, 
die 14 Aprilis 1814, Burcliell No. 5320. [Also Somerset, Bom-- 
her, in herb. Kew. — N, JE, BrownI\ 

A well-marked species with rigid leaves and remarkably small 
clusters of axillary dowers. The petals are a creamy white, and 
the calyx is nearly the same colour. The venation on the under- 
side of the leaves and the reflexion of the margin are chiefly 
brought out in drying. 

LEGITMIlVOSiE. 

LoTONOifis EOLTOSA, Bolus, n. 8p. Tota, petalis exceptis, 
laxe et longe villosa. Caules (verisimiliter annui) e radice perenne 
tuberosa plures, erecti, simplices, spitbamei, dense folios! ; foliola 
elliptico-oblonga, acuta, 1*5-1* 8 centim. longa, 4-5 millim. lata ; 
stipula solitaria, foliacea, folioiis conformis, subsequilonga, parum 
angustior ; capitula terminalia dense 6-8-fiora, pedunculis 4-5 
mm. longis, bracteis setaeeis, 3 mm. longis; calyx 9 mm. loiigus, 
laciniis acuxniiiatis ; vexiilum obovatum, 1*5 cm. longum ; carina 



174 


ME. H. bolus’s CONTElBUTIOlSrS 


subiiicurva, olDtusa, reqnilonga ; alae breviores, basi dentatas ; ova- 
riiim subrectiim, glabrunij cum stylo (parte inferiore) secus 
suturam veiitralem barbatum. {JEx exempli. exdcG. plm\, Mac- 
liCa^ 17o. 5620.) 

Mah. In planitiebuS:, Pretoria, Eeipublicas Transvaal, alt. 

circa 1250 nietr., legit X M. MacLea, berb. Bolus, ISTo. 5620. 
In Orange Free State,” Cooper^ 'No. 862 ; Natal, Gerrarcl 
1088. [Also, In deep rich valley, Limpopo sources,” Mehon, 
268 ; Olivers lloek Pass, Wood 8542, in herb. Kew.] 

This belongs to tbe section Lipozpfjis, and comes nearest to 
Z. laneeolata, Bentli., than -which it is more hairy, with twice 
larger fio-^vers &c. I describe from MacLea’s specimens. Cooper’s 
are less luxuriant ; his ticket describes the flowers as yellow. 

[Tiie specimens at Kew, collected by Cooper, MacLea, and 
Nelson, are 5-6 inches high ; those collected by Gerrard are 
about a foot high. — N. E. Broicn.l 

Crotalaria aBiQUENSis, Bolus ^ n. sp. Pruticiilus ramosiis, 
rigidiis, spinosus, albo-sericeus, 10-20 ceiitim. altus. Eami 
dichotomi divaricati, spinis tenuibus 1-2 cm. longis ; stipulse 
subulatse reeurvcT, 1-1*5 millim. longse; petioli 8-5 millim.longi ; 
folia subpaiiea, trifoliolata, snperne glabra, siibtus sericea ; foliola 
obovata, obtusa, interdum emarginata, petiolulata, sjepius com- 
plicata, intermedia 8-14 mm. longa, lateralia parura breviora ; 
flores sparsi paiiei, 1-2 in spinis racemose pendiili ; bractem 
minimiB persistentes ; pedicelli 2-8 mm. longi ; calyx tenuiter 
sericeus, 4-5 mm. loiigus, lobis lanceolatis acutis siibfalcatis, tubo 
sublongioribus ; corolla fere glabra (vexilliim per nervum dorsa- 
lem tantum sericeum), aurea, carina pallicliore, calyce 14--2plo 
longior ; legnmen subglobosum, stipitatum, stipite 1*5 mm. longo, 
venosum, sericeo-pnbescens, 5 miilim. diametro, 2-4-spermum. 
(Bx exempli, plwr. exsice.) 

ffah. In areiiosis circa Kimberley, Griqualand West, alt. 
1250 metr., flor. Nov., Bolus, No. 6802 ; Dr. Marloth in Merl. 
Morm. Anstr.-Afr. No. 408 1 Prope flum. Vaal, Nov. (ISll), 
Burchell, 1782 1 {fide JS\ E. Broivn). 

This comes near to C. spinosa, Hocbst., but Mr. N. E. Brown 
informs me that it “ differs in habit, by its larger flowers, and 
globose pod,” to which may be added that the pod is distinctly 
stalked and has fe-wer seeds ; I opened six and found them to 
contain from two to four. It is tolerably abundant about Kim- 
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"beiiej, growing even in the wider streets. To Dr. Marlotli, niy 
colleague (Prof. MacOwan) and mpeif are indebted for a good 
supply gatliered subsequently, for distribution in the Herb. 
^7orinale. 

ARaTaoLOBiTTM iiEGARHizuM, Boliis, 11 . sp. Tota sericeo- 
piibesceiis, paginis siiperioribus foliorum, petalisque exceptis. 
Caules plures e radiee tuberosa magaa,” fide beato collec- 
tore), saffruticosi, erecti, virgati, rainosi, 1-li-pedalis, raiais 
ramulisque striatis ; stipulas setaeete vel subulata^, miiiinife, 
cacluc® ; folia paiiea, petiolis 5 miiliiii. lougis ; folioire iiiieares 
vel lineari-oblongse, ssepe complicata?, acuta?, venosie, 2-3 ceutim. 
loiigse, 3-5 mm. latse : racemi termiuales lase 2-7“flori, pedicellis 
5 mm. lougis, bibracteolatis ; flores 1'0-1’2 cm. iongi; calycis 
labium inferiiis breviter et obtuse 3-dentato ; vexillom late 
obovatum ; alse oblongae ; carina obtusa ; legiimen liiieare, erec- 
tum, aeutum, villis badiis adpressis dense obtectum, 3'0-5’5 eni. 
longum, 3*0-3'5 mm. latum. {Ex exempli. pliir. exnca. Xo, 5635 
lit infra.) 

Sah. In planitiebus arenosis circa Pretoria, Transvaal Ee- 
public,” fi. Oct., legit J. H. MacLea. Herb, propr. Xo. 5635«. 

This species would appear to be best placed between A, tubero- 
sum, Eck. & Zey., and A. polpphjllum, Eck. & Zej. It is a stouter 
plant, miicli more branched ajid leafy than the former ; the flowers 
also are larger and dry pale, those of A. tuberosum drying black ; 
the teeth of the calyx-lobes also are almost obtuse, not acumi- 
nate. Prom A, polpplijfllum it is distinguished by its rather less 
leafy character, narrower linear (not obovate) leaflets, and the 
more obtuse teeth of the calyx-lobes. 

COMPOSITJE- 

SuxEcio socj.OEUM, Boltis, n. sp. Canles pliires e rhizomate 
incrassato, fnitescentes, erecti vel suhdecumbeates, l-2-pedale3, 
laxe foliosi, striati, tenuiter araiieoso-tometitosi, demum glabres- 
centes, sursuoi dichotome paniculati ; folia glabra subpaiiea 
internodiis longis, elliptica ovata vel iauceolata, obtuse acuta, 
subsessilia, calloso-serrulata, venis elevatis (in sicco) reticulatis 
pellucidis 3'0-4*5 centim. longa, l*0-2’5 cm. lata, siiperioribus in 
bracteas angustas acuininatas abeuntibus ; corymbus laxe ramo- 
sus 4-12-capitulatiis, pedunculis suberectis 3-10 cm. lougis sparse 
bracteatis ; capitula radiata oblonga vel snbturbinato, 1'2~1*6 cm. 
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loiiga, apice cm. lata ; iiiToliicrum 12-“14i-phyllErQ, bracteis 

obloBgis acutiSy inargine submembranaceis, apice pubescentibus, 
basi araneosum paree calyculatum, calyculis lineari-subulatis ; 
flores radii 3-5, ligiilis oblongis l-0-l‘2 cm. longis, lineis 9-11 
striatis ; flores tubulosi circa 28, acute 5-dentati, inTolucro parum 
longiores ; stylus alte bifidus, ramis revolutis truneatis ; acbauia 
(iiumatura) striata setulosa, 3 miliim. iouga. (Mv eivemj^ll. ^lur, 
viv.') 

Sab, In clivis inter frutices deustos in convalle “ Mitchell’s 
Pass” dicta, alt. 450 metr., mense Aprili, anno 1885, legerunt 
MacOwmi et Bolus, ISfo. 5434 Bolus in herb. Kew, &c. Serb, 
Worm.. Aust?\-Afr, ISTo. 3S6. 

This has the leares, and perhaps also the habit, of S. cremfus, 
Thniib. I say perhaps, because our specimens are a new 
growth from burnt-off stumps, and the normal habit may be diffe- 
rent. But the inflorescence, the heads (which are about the size 
and shape of those of S- asperulus, DC.), and the flowers, differ 
very much from those of the flrst-named species. The flowers of 
ray and dish are a bright orange-yellow. It was growing copi- 
ously where found. 

Sekecio XAMAQUAi^us, BoIus, n. sp. Frutex rohustus, ramo- 
sus, 3-4-pedalis. Eamuli ultimi patentes, striati, foliosi, griseo- 
tomentosi, sursum giabri, 4 miliim. diametro ; folia pinnatipar- 
tita vel bipionatipartita, subtus tenuiter cinereo-pubescentia, 
siiperne glabrescentia, marginibus reflexis, 8-10 centim. loiiga, 
lobis 2-3 iinearibus patentibus, ssepe cum rhacbide irregulariter 
lobatis vel dentatis ; corymbus late divaricatus, 16-20-capitnlatus, 
bracteis Iinearibus vel rarius pinnati-partitis ; peduncuH l*5-2*5 
centim. longi, basi bracteati ; capitula late campanulata, 1*3 cm. 
longa, apice 1‘8-lata, calj’-culis plurimis Iinearibus apice incurvis 
prffidita ; involucri bracteae iineares vel lineari-ianceolatse acutae 
apice nigro-punctat^, nervatse, margine scariosa, floribus disci 
breviores ; flores flavi, iigulati circa 5, tubniosi plurimi ; acli^nia 
immatura teretia tenuiter sericea. ( Jlr exemplL plur, exsicc, ut 
infra,} 

Sub, In saxosis prope Kookfontein, ISTamaqiialand Minor, 
circa ^00 metr. alt., fi. Sept., legi, anno 1883. No. 6546 in herbb. 
meo, Kewensi, <&c. ; Serb, So7'7)i. Aiistr,-Afr. No. 422. 

Yery near to B, cmej'ascesis^ Ait., differing by its more robust 
habit, larger corymb, and, according to Jacquin’s figure quoted 
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for that plant by DeCandoUe, by tbe differently shaped headSj 
Txbich are in that species constricted in tlie middle, and baxe 
very few calycies. 

Seis^ecio ALBOPrxcTATUs, BoIus, n. sp. Herba perennis, basi 
lignosa, glabra, decnmbens, 12-16 centim. alta. Gaules pinres 
subberbaeei, foliosi, basi ramosi, rainnlis striatis : folia inferiora 
pinnatipartita, acuta, sessilia, subcarnosa, patentia, 4 cm. longa, 
lobis 3-4 iinearibus 0*5-1 cm. longis, acutis, basin versus ad 
dentes reductis ; superiora minora inciso-lobulata, erecta, suprema 
in bracteas integras abeuntia, apicibus callo albo riitido uiidique 
ornatis; ramuli in pedunculos 1-capitatos, parce bracteatos, 
5-6 cm. longis desinentes; capituia snboblonga, 1*3 cm. longa, 
apice 1*5 cm. lata, calycnlis subulatis 5-6; involueri bractese 
12-14, lineares, acuminate, apice albo-calloso, margine scariosa, 
fiuribus disci subsequilongse ; flores davi, ligulati 6, limbis paten- 
tibus 1*4 cm* longis, tubulosi plurimi ; acbsenia viv matura dense 
et breve sericeo-pubescens. (JEx ea-emjpll. 'phtr, e:esicc. ut infra*) 

Hal. In apertis prope Edipfontein, Namaqualand Minor, alt. 
circa 900 inetr,, fl. Sept., legi. No. 6544 in lierbb. meo, Kewensi, 
&c. ; No. 423, Herh. Harm, Amtr.-Afr. 423. 

Very distinct among its allies of Harvey’s section LeptoJoU 
by its one-beaded flowering branches, and not very near to any 
other species with wbxcb I am acquainted. 

SE27ECIO EEHMA 2 f]S'T, Bolus, B. sp. Herba perennis, erecta, 
virgata, basi tantum ramosa, fere glabra, 2~3“pedalis. Eami parce 

foliosi striati basin versus 3 miilim. diam. ; folia radicalia 

, . . F ; caulina inferiora linearia sursum ampliata, acuta, dentata, 
marginibus reflexis, sessilia, dentibus utrinque 2-3, coriacea, 
erecto-patentia, 3-6 centim. longa, superiora breviora erecta, 
suprema in bracteas' integras abeuntia; corymbus laxus, 7-12- 
capitulatus, pecluncuiis elongatis gracibbus ; pedicellis bracteatis 
circa 1 cm. longis ; capituia radiata, turbinata, 9 snillini. longa, 
basi calyculis plurimis subulatis araneosis donata ; involacri 
bractece circ. 20, lineares, glabrae, floribus tubuiosis parum brevi- 
ores ; flores flavi, ligulati 8-10, tubulosi 40-50 ; acb®nia teretia 
tenuiter sericea. {Ex exempli* 2 exdce. Mehmanmana ^ ut 
infra*') 

Hah. Ad rivnlum Groot Valscbe E. (baud procul a flum. 
Gauritz), fl. Nov., Burchell 65391; prope Kleine Vette Eiver, 

— BOTANY, YOB. XXIT. Q 
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BureJieU 6873 ! In montibus circa flum. Hex, alt, inter 600 et 
900 metr., fl. Jan., A, BeJimann (Jierb, Bolus 5755). 

TMs appears to come nearest to S* fuligerus^ L., but is distinct 
in its more lax and more corymbose inflorescence, tbe beads 
being larger and not aggregated and racemose as in S. puhgerus. 
Eebinann’s specimens consist of two long brandies torn off at 
tbe base, and I cannot be sure whether there were any radical 
leaues. nBurcbell’s specimens in tbe Kew Herbarium show that 
there are no radical leaves distinct from the stem-leaves ; all are 
of the same character. — iV7 JE. Broion,"] 

EEICACEm. 

Erica. (§ Teioemma) tetbastiomata, Bolus, n. sp. Eruticulus 
humilis, glaher, ramosus. Eolia 3na, lineari-lanceolata, acuta, 
crassiuscula, dorso sulcata, appressa, internodiis submqiialia vel 
paruni longiora ; flores Bni, ad apices ramorum conferti, erecti 
vel cernui, pedicellis 3 millim. longis ; bracteae 3, lanceolatge, sub- 
remot®, amplexicaules, coloratse ; sepala late ovata, acuta, cilio- 
lata, vis imbricantia, membranacea, colorata, corolla fere lequalia ; 
corolla oblongo-urceolata, subfcetragona, fauce parum contracta, 
limbo brevi patente, 2*5 millim. longa ; genitalia inclusa ; antherce 
minute cristatje; ovarium obovatum, 8-lobatum, glabrum; stylus 
apice 4-fidus, ramis recurvis ; stigmata d, capitata. (Bx exempli, 
exsicc, plur. sub Ho. 5451 ut infra.) 

Mah. In montibus circa Houw Hoeb, alt. 600 metr., ff. Oct,, 
Bolus Ho. 5451 in herbb. Kewensi, meo, &c. 

The sepals and corolla are a reddish-lilac colour. The habit 
and tbe leaves are those of the section to ; hut the flowers 

are different, and it seems better placed as above, next to J7. 
daeeans, Linn., and XJ. cMampdifora^ Salisb. 

Eeica ( § Pseubeeemia) Baueii, Bolus, n. sp. Eruticulus erec- 
tus, ramosus, hispidus pilis mollibus. Eolia 4na, liiieari-lanceo- 
lata, acuta, subtus glabra, circ, 2 millim. longa 5 flores capitati, 
capitulis globosis, diametro S millim.; bractem 3 sepalaque linea- 
ria, longe ciiiata ; corolla urceolato-globosa, fauce constricta, 
limbo recurvo-patente, sub lente minute pubescens, 2~3 millim. 
ioijga, sepalis parum longior ; antherae inelusas ovatse, breves, 
latissime cristate ; ovarium globosum, hispidiim ; stylus inclusus 
stigmate capitato, (Xb? exempli, plur. exsicc.) 

Sah. Ad margines sylvarum, Bazija Caffrornm, alt. circ. 950 
metr., flor. Aprili, legit Eev. B. Bawr Ho. 639. 
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Allied to U. Solan dria?ia, Andr. ; differs bj its more globose 
corolla, shorter antliers, and very dilferent ant tier- appendages. 
Under a lens the numerous hairs appear irregularly serrate, and 
shortly bifurcated at the apex ; in a specioien of E. Solandnaria 
which I examined at Kew the hairs were quite simple. 

Eeica (§ Pseudeeemia) Cooperi, Bolus, n. sp. Fruticulus 
ereetus, ramosus, 2-3-pedalis, ramis adseeiideutibus iiiterdum 
flexuosis, pubescentibus. Folia 4na, lineari-Iaiiceolata, inargini- 
bus revolutis, pilis apicefurcatis eiliato-hispido, 4-5 niillini. ionga; 
flores teriiiioales, 4ni, cernui ; pedicelii breves ; bracte^e liiieari- 
laneeolatae, acuminatm, approximatte, cum sepalis iinearibus pilis 
longissiniis plumosis ciliatm; corolla orato-ureeolata limbo brevi 
erecto-patente, puberiila, 5 millim. ionga, sepalis mquilonga ; an- 
tberse inclusse, oblongm, cristatm, cristia in aristam desinentibus ; 
OTarium oblongum, truncatnm, hirsutum ; stylus inclusus, stig- 
mate capitato. {Bx ea'cmpll. exsicc. a Sutherland.) 

Sah. Ad rivulos, Natal, CoO]}er, No. 1101 ; Natal, sources of 
the Umvoti and Umgeni Rivers, 4000-5200 fc., July and August, 
Suilierland ; Mid Illovo, April, Wood, 1890 ? 

[Also Natal, Buchanan, 37 ; Noodsberg, April, flowers white, 
Wood, SS8 ; Orange Free State, Cooper, 2528 and 3531, in 
Herb. Kew, AT. B. Brown.'] 

The corolla appears to have been white or pale rose. Near to 
B. Baurii, but seems to be a stouter plant, and has a different 
corolla, anthers, and ovary. B. Solandriana, Andr., with a very 
similar corolla, has much more numerously flowered heads, 
shorter ovate bracts, different anthers, and simple hairs. In this 
species even the short hairs wdiich clothe the branches are irre- 
gularly feathered, and those on the bracts and sepals are more 
compound than in B. Baurii. Mr. Cooper’s specimens have not 
fully developed flowers ; I describe from Dr. Sutherland’s, which 
seem otherwise identical. 'Wood’s No. 1890 appears to me to 
be the same species, but in his specimens also the flowrers are 
undeveloped. 

Erica (§ Pseudeeemia) Alissiosfis, Bolus, n. sp. Fruticulus 
ereetus, ramosus, pubeseeus. Folia 4na, lineari“lanceolata,^ob- 
tusa, ciliata, adpressa ; flores capitati, capitiilis subhemisph®- 
ricis ; bracte© lanceolatse, approximatse, scariosm, coloratse, 
ciliatse ; sepala Hnearia colorata, ciliata ; corolla urceolata, limbo 
erecto-patente, sepalis vix longior, circa 5 millim. Ionga ; anther©’ 

q2 
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incltisse, mciso-cristatse ; ovarium tomentosum ; stylus inclusus, 
stigmate parvo capitatus. exem^L nnim^ Bai(,r 218.) 

Sab, Ad ripas fluoi. Ingxu et Tsita prope sedem Missiouis 
“ Sancti Augustini ” dictam, alt. circ. 700 metr., flor. Maio- Junioj 
Mev, M. Baur l^o. 218. 

TMs species comes near to B. cermea, Linn, f., and JJ. splimro- 
ceplmlcij WendL, differing from either by its shorter, more ap- 
pressed leaves, larger sepals and bracts, its tomentose ovary, and 
its heads frequently disposed along the branches instead of being 
invariably terminal. 

Eeica (§Pachtsa) UBi^A-YiBinis, Bohis, n. sp. Snffrntex 
erectus, ramosus, glaber, 3-5-pedalis. Polia 4na, linearia, ob- 
tiisa, erecto-patentia ; ffores terininales, 8ni, ssepissime longi- 
uscule pediceliati, pedicellis 6-S miliim. longi, infra medium 3-* 
bracteati; sepala ovata, subobtusa, 3 miliim. longa, cum corolla 
viacosissima ; corolla inflato-urceolata, limbo erecto, circa 1*3 
centim. longa; antherse inclusse, cristat£e; ovarium oblongo- 
obovatum, stipitatum. (JEJx exempli, plur. viv.) 

Sah. In montibus Peninsulae Capensis (Muizenberg &c.), alt. 
250-400 metr., flor. Sept .-Mart., Bolus 3355. Serb. Norm. 
Amtr.-Afr. 'No. 42. 

Plowers a bright clear green ! In this respect I have never 
seen any variation. I find it very difficult to distinguish this 
species by good technical characters from the old and well-known 
S. plipsodeSj Ijinn. Pew who know them on their native hills 
would regard them as conspecific ; while many who have seen 
them only in herbaria w’ould disapprove their separation. I 
shall endeavour to point out their chief differences 


B. urna-mridis. 

Tall and lanky, 3-5 ft., with strag- 
gling, spreading branches. 
Pedicels 6-8 miliim. long. 

Corolla always green. 

Flowers from Sept, to March. 

Zone of growth 600 to 1300 ft. 


B. pJipsocles. 

Short; rarely over 2ft.; branches 
very erect and approximate. 
Pedicels 1-4 miliim. long. 

Corolla always white. 

Plow^ers only in the winter — July to 
Aug. 

Zone of growth, 2300 to 2800 ft. 


They do not grow, so far as my ohservations go, on the same 
mountain, nor have I met with them nearer than five or six miles 

from each other, nor anywhere else than on the Cape Peninsula, 
and. quite possibly both species are confined to it. 
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Eetca(§ Pachtsa) abeis-ophtIiLa, Bolus, n. sp. Priiti cuius 
bumilis, erectiis, ramosus, glaber, spithamseus vel ultra. Polia 
Sua, linearia, obtusa, planiuscula, conferta, squarroso-recurYa, 
marginibus cariiiaque rigide glanduloso-ciliatis, 6-8 millim. louga; 
flores terni, Tiseosi erecti, pedieellis gracilibus 8-14 niiliini. lougis ; 
bracteae 3, lineares, acuminat^e, distautes ; sepala OTato-lanceo- 
lata, erassa ; corolla oTato-urceolata vel urceolato-campanulata, 
limbo erecto obtuso, 6-8 millim. louga, sepala 2-3plo superans ; 
genitalia iiielusa; filamenta brevia, vix tertiam partem corollse 
attingentia ; antherae oblongse, mutic®, loculis alte partitis; 
ovarium substipitatum, obovatura, glabrum. (JEx exem’plL ^lur, 
exsicc, ut infra.') 

Kab* In clivis meridionalibus mentis Houw Hoek, alt. circ. 950 
metr., flor. Oct., Bolus No. 5453. 

The flowers are a pure white. The species has nearly the 
flowers of B. pli^sodes, but smaller and more delicate ; it is also 
allied to B* odorata, Andr., having similar leaves and the very 
short stamens o£ that species. 

Ebica (§ Heemes ?) HiEMAATTHA, Bolus, n. sp. Eruticulus 
ereetus, ramosus, ramis adscendentibus puberulis. Eolia 4na, 
lioearia, dorso sulcata, Isevia, adpressa vel incurva, 4-6 millim. 
longa ; flores terminales et laterales, 4ni ; pedicelii graciles, 
patentes ; bracte^e 3, lineares, obtusse, remotce, coloratse ; sepala 
ovata, acuta, dorso sulcata, basi imbricantia, puberula, paten tia; 
corolla urceolato-tubulosa, fauce parum contracta, limbo obtuso 
patente, viscidula (vel fere sicca), 7-8 millim. longa, sepala 4--5- 
plo superans; antherse inclusse, breviter cristatEe; oyariimi 
obovatura, glabrum ; stylus breve exsertus, stigmate capitato. 
{Bx exempli, plur, exsicc. No. 5344 ut infrai) 

Sab, In clivis montiura circa pagum Ceres, alt. circ. 500 
metr., fl. Mart., legi, No. 5344. 

Flowers blood-red. This species must come next to B, decora, 
Andr., which it much reseoibles, although the flowers are 
certainly both terminal and lateral. It has not the corolla of 
§ Baali^sa, with which in some technical characters it better 
agrees, and besides the flowers of that group are always terminal. 

Ebica (§ Ceeamia) Txso:sri, Bohis, n. sp. Eruticulus spitha- 
mseus, gracilis, decumbens, scabrido-hirsutus. Eolia terna, 
iineari-lanceolata, breve petiolata, superne glabra, dorso snlcata, 
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scabrido-Mrsiita, circa 2*5 miilim. longaj flores axillareSy pedi- 
cellis brevilbus ; bractese 2, foliacese, obovataB, subapprosimatss ; 
sepala lanceolata, obtusa, glanduloso-eiiiata ; corolla oblongo- 
campaniilata. cariiea, circa 2*5 millim. longa j stamina cum stylo 
demuiiL exsertUj antberis scabris aristatis; ovarium giabrum. 

e^^empIL ^lur, exsiec. ut infra ; JEJ. satureioides, Bond. ? 

in berb. Kewensi.) 

Mah. In snmmo monte Ingeli, G-riqualand orientalis, alt. 
1800-2300 metr.y fl. Mart., anno 1SS3, legit W. Tyson, Ho. 1290. 
Merh, JTorm. Ausf/\-Afr. Ho. 469. 

Belongs to Bentham’s section Ceramia, and is allied to 
folia, Linn., and to TJ.flifonnis, Salisb., but differs from both in 
its inflorescence, wliicb is more racemose than in most of tins 
section. Its pedicels are much shorter than those of the first- 
named, and the corolla is different. The suhumbellate flowers 
and the glabrous mnticous anthers of U, filiformis afford a 
sufficient distinction from that species. It appears to me to be 
identical with a specimen received from the Kew Herbarium 
marked ^^FaJcu's Territory, South Africa, Dr. Sutherland^ 
The specimens show a more mature plant than those of Mr. 
Tyson. 

Erica (§ Ephebus) Lerotjxlj:, JBoIus, n. sp. Suffrutex ramosns, 
pnbescenti-pilosus. Folia 3na, lanceolata, acnta, mucronata, 
marginibus refiexis eiliatisque, superne pubescentia, subtns fere 
glabra ; floras 3ni, braeteis 3, lanceolatis coloratis, approximatis ; 
sepala lanceolata acuminata, ciliata, cum corolla dense serieeo- 
pubescentia ; corolla urceolato-campannlata, ore subconstricto, 
lobis erectis, circa 5 millim. longa, 4 mill, lata ; filamenta ciliata ; 
antheraa inclusm, oblongse, loculis alte partitis, basi cristatse; 
ovarium dense sericeo-pubescens ; stylus exsertus, stigmate lati- 
uscxilo sed vix peltato. {Mv exempli, 2 exsicc. ut infra.) 

Hah. In French Hoek, legit Domina H Le Boux, in Herb. 
Huguenot Seminary,” Ho. 303. 

In habit and general appearance near to JE. ‘urceolaris, Berg., 
but quite distinct by its much broader corolla, approximate 
bracts, &c. The flowers, including the bracts, are a creamy 
white, leaves greyish green. 

Erica (§ Ephebus) aspalathieolia, Bolus, n. sp. Eami longi, 
dense foliosi, pilosi, l|-pedales; ramuli brevissimi, conferti; 
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folia 8-4iia vel aparsa, linearia, aciita, minute pubera, marginibns 
revolutis setoso-eiliatis, 2*5 millim. longa; flores termiaaleSj 
4nij seciis partem superam ramoruin eoufertij pseudo-spicam 
densam form antes, pedicellis 2 millim. longis ; "bractefe 2 (vel 
3 ?), lineares, foliacea, subreraotse ; sepala linearia, lierbacea, 
setoso-ciliata ; corolla glabra, oblongo-nrceolata, faiice parum 
eontracta, limbo brevi patente, 5 mill, longa ; genitalia ineinsa, 
antlieris obloogis aristatis ; ovarium apice bispidum. (JEr 
exemfll. chiobus Wood^ Iso. 911, ut infra.) 

Hal. In Lipidosis liiiinidis, ISToodsberg, blatal, circa lCX)0metr., 
fl. Aprili. J. II. W'^ood, Iso. 911 in berbb. Kewensi, meo, &c. 
^[Wood, Ho. 693, from Inanda, ISTatal, Oct., in berb. Kew, 
appears to be the sbort-stamened state of this plant. — H. H. 15.] 

The corolla is described bj Mr. Wood as white, and is of a 
delicate, thin texture. The habit of the plant is that of H. Ala- 
pecimis, Harv,, next to which I should place it, for though the 
glabrous corolla is very unusual in this section, I cannot find a 
better place. 

Eeica (§ Oeophaots ?) TEiCHABEATCA, Bohis, XL. sp. Suffrutex 
erectus, ramosus, scaber, 2-3-pedalis ; ramis glabrescentibus, 
ramulis hirsutis. Eolia 3na, linearia, acuta, marginibus revolutis, 
puberula, apice setis glanduliferis rigide ciliata, patentia vel 
squarrosa, 5-7 millim. longa; bores umhellati, umbellis 5-7- 
floris, pedicellis 4-5 millim. longis, basi bractea solitaria donatis ; 
sepala herbacea lineari-lanceolata, pubescentia, glanduloao- 
ciliata; corolla oblongo-campanulata, sicca, limbo erecto-patente, 
sub lente minutissime puberula, 3-5 millim. longa, calyce duplo 
longior; antherse siibterminales, inclusfle, aristatse ; ovarium sub- 
globosum, pubescens ; stylus exsertus declinatus, stigmate capi- 
tate. exempli, flur. €X$icc. suh n%m. 5297.) 

Hal. In clivis montium circa MitcbelFs Pass, alt. 600 metr., 
I. Oct., anno 1882, legi. ISTo. 5297 in berbb. Kewensi, meo, 
&c. 

The flowers are a light flesh-colour. The habit and leaves are 
very similar to those of H. strigom.^ Sob, hut it is distinguished 
in the section by its ternate leaves, and rather long, and long- 
stalked, flowers. The anthers are nearly if not quite terminal ; 
and if it were not that this is the case with several species other- 
wise united with very diverse groups, the present plant might go 
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witli the section Desmia, Prom UpJiehtts it is separated "by its 
oMong corolla and long pedicels, 

Ebica (§ Leptode^tdeo^s-) tkace[YSa:s'tha, Bolus, n. sp. Era- 
ticulus erectus, gracilis, spithamjEus, lairsntus, simplex vel basi 
ramosTis. Eolia 3na, lanceolata, acuta, breviter petiolata, mar- 
ginibus amplis reflexis, supra glabra, subtus bispida, ciliata, 4-5 
millim. loiiga, 2“2'5 millim. lata ; flores snbsolitarii, terminales, 
pedicellis niitaiitibus tomentosis, 1*3 centim. longis, basi bracteis 
3, laneeolatis, ininimis, donatis ; calyx ad basin fere 4-partitis, 
segmentis ovatis acutis, 4 mm. longis, pilis albidis dense tomen- 
tosis ; corolla tiibulosa, glabra, limbo erecto plicato obtusissimo, 
6 miliim. longa ; stamina inclnsa, brevia, oxarium ^eqiiaiitia, antberis 
lanceolatis, acnminatis, mutieis, scabris ; stylus gracilis inclusus 
vei interdum exsertiis, stigmate capitate j ovarium subconicum, 
tomeotosum. (Mv exemplh phir, exslce. suh nnm. 2387 ut infra.) 

Mai. In clivis montosis, Kammannassiebergen, prope Avon- 
tuur, d. Nov., legit H, Bolus (anno 1870), No. 2387 in berbb. 
Kewensi, &c. 

Closely allied to B. Fasserims^ Linn, f., from wliicb it differs 
as follows : — 

E. trackysanfJia. E. Fasserincd. 

Habit simple or only branclied at Habit mucli branched. 

base. 

Leaves ovate, acute, flat, glabrous Leaves oblong, obtuse, tliick, 

above, with long bairs below. shortly tomeiitose all over. 

Pedicels 1*3 cm. long. Pedicels 6 millim. long. 

Sepals tomentose, with long bairs. Sepals with short, matted indu- 

ment. 

Limb of corolla rauticous. Limb of corolla apiculate. 

Anthers lanceolate, acuminate. Anthers oblong, cells divaricate 

above. 

My analysis of E. Fasserinm is from Eorsytb’s specimen in 
herb. Kew, so marked by Bentliam. Those of Masson are 
younger, but appear to be identical. I have given the differences 
between the two species above in some detail because they are 
both very distinct, not only in the group (with which they are 
indeed somew^hat artificially united) but also in the genus ; there 
being no other species, so far as I know, which they resemble. 

Erica (§ Melastemo^?) gaffeoetjm, Bdlm, n. sp. Suffriitex 
erectus, ramosus, glaber, 3— 4-pedalis. Eolia 4na, linearia vei 
lineari-lanceolata, acuta, dorso sulcata, erecto-patentia, 4-5 
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millim. loDga; flores terminales, 4ni, in ranmlis trevissimis 
confertis saspius cernni ; pedicelli flores subseqnanteSj "basin versus 
bracteis 3 linearibus doiiati; sepala late obovata, acuta, carinata, 
scariosa, colorata, quam corolla duplo breviora ; corolla oblongo- 
campannlata, limbo erecto tube vis breviore, 3 iniliim, longa ; 
antberffi inclus®, oblongsB, scabridse, minute biaristulat© ; 
ovarium glabrum ; stylus exsertus, stigmate capitato. (Mv 
exemflL 2 ut hrfra.) 

Hah, Bazija, KrafFraria, B. Bam\ ISTo. 507 ; in ditione Queens- 
town, I, Cooper, Xo. 211 in lierbb. Kewensi, &c. 

Flowers, according to Cooper, pinkish white.’’ Habit and 
general appearance resemble F/. leucanthem, Lino.f but the leaves 
are 4-nate. In floral characters nearest to H. stenantha, Klotzsch, 
but tbe flowers are shorter, the corolla much less deeply cut, and 
the leaves and hahit different. 

Eeica (§ Euetstoma ?) Bnow'KLEEji:, Bolus, n. sp. Fruticulus 
robustus, erectus, 1-4-pedalis. Bamuli puberuli, subvirgati ; 
folia 4na, subulata, erecta, dense imbricata, 9 millim. longa ; 
flores terminales, 4ni, 5 millim, longi, pedicellis nutantibus, 
eano-pubeseentibus, 3 milhm. longis ; bractese subapprosimatse, 
ovatse, acutae, membranacese, coloratse ; sepala late elliptiea vel 
fere orbieularia, acuta, apieem versus carinata, basi imbricantia, 
viscidula, corollse sequilonga; corolla tubulosa, limbo obtuso 
parum expanse, tubum asquante ; stamina subexserta, antheris 
oblongis, scabris, cristatis; ovarium bemisphsericum, sulcatum, 
glabrum ; stylus validus, stamina excedens, stigmate clavato, 
{Bx exempli, plur, exeice* suh num 2858 Tpso7i, nt infra.) 

Hah. In graminosis ad margines sylvse Perie Forest ” dictse^ 
Kraffraria, in Eegione Orientali ” Colonise Capensis, alt. circa 
760 metr., fl. Febr., legit Miss Brownlee, Ho. 285S, in herbb. 
W. Tyson, Hewensi, Bolus, &c. 

The sepals and corolla are white. The habit something like 
that of H. triflora, L., or of JE. vespertina, Linn. f. In floral 
structure it approaches most nearly to the last named, but the 
leaves are longer, the flowers larger, the bracts broader, the 
sepals longer in proportion to the corolla, the limb of the latter 
more connivent and not reflexed. Its 4-nate leaves seem to 
separate it from either of the sections B-urpstegia or Burystoma, 
while yet it unites certain floral characteristics of both* 
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Eeica (§Polycodos) ebiocodoKj Bolus, n. sp. Fratieiilus 
erectuSj subrobustus, xamosus, pubesceiis ; rami ramuii foliaque 
pube breui, cum piiis badiis interdum glanduliferis iiitermixtis, 
obtecta ; folia 3na, lauceolata, plana, subacuta, marginibus 
reflexis, cinerascentia, 3 millim. longa; flores terminales 3iii, 
pedieellis corolla brcTioribus ; bracfcese 3, lineares, subremotse ; 
sepala ovata, subobtusa, berbacea; corolla campanulato-globosa, 
limbo inliexo, Tiscoso-pubesceus, 2*5 millim. longa ; antber^D in- 
cliisoB, obcordatse, muticsB ; ovarium birsutum ; stylus breve 
exsertus, stigmate capitato. {Bx exempli, 2 exsicc, suh mm. 
5190.) 

Sah. In elivis meridionalibus mentis lYinterboek Tulbagb- 
ensis, alt. circ. 450 metr., d. JSToy., legi. No. 5190 in berbb. 
Keweiisi, meo, <&e- 

Corolia pale dull red, leaves asben grey. The general appear- 
ance resembles that of E, patens, Andr., but tbe calyx is very 
different. It is also sometbing like B, Ucolor, Thunb., but 
differs in several characters. In some respects it approaches tbe 
section Bpliehus, but here again the shape of tbe corolla is 
alien. 

Eeica (§Absace) inops, Bolus, n. sp. Suffrutex erectus, 
ramosus, 2-3-pedalis. Eami adscendentes, glabrescentes, ramuii 
pubescenti-liirti ; folia 3na, lineares, dorso sulcata, scabro- 
bispida, 4 millim. longa ; floras subterni, numerosi, 3-4 millim. 
longi ; bractea mica, approximata, ovata, acuta, subamplexicaulis, 
colorata; sepala ovata, colorata; corolla globoso-eampanulata, 
calyce parum longior, ore aperto, limbo tubo multo breviore; 
antherse inclusse muticse, glabr® ; ovarium apiee bispidulum ; 
stigma peitatum. {Bx exempli, plur, exsicc. suh num. 3719.) 

Sah, In montibus Peninsulse Capensis, alt. 430-750 metr., 
flor. Julio- Aug. Bolus 3719; Seri. Borm. Aiistr.-Afr, No. 50. 

The sepals, corolla, and bract are -wliitisb. Habit, leaves, and 
general appearance that of B, kispidula, L., with Y^bicb I expect 
it will be found mixed in many herbaria. But it is readily dis- 
tinguislied by its single sheathing bract, B. unihr act eat a, KlotzBoh, 
which I have not seen, must be a different plant, judging from 
the description, and, besides, comes from the extreme eastern 
districts. Our plant is not uncommon, and occurs both on the 
Table and Muizenberg Mts. 
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Eeiga (§ Aesace) jfATALiTiA, BoIus, h. sp. Fmticulns gracilis, 
erectus, ramosns, ramis adseendentibus cano - pubesceiitibus. 
Folia 3iia, linearia, glabra yei sub leute miiiutissime puberula, 
circa 3 millim. longa ; flores numerosissimi umbellatim couferti, 
minimi ; bractese 3, remotac ; sepala deltoidea, pubesceiitia, 
ciliata, eolorata, iiiterdum subiiiaequalia; corolla fere globosa, 
limbo connivente, glabra, circa 1 mill, longa; antberie T-S, 
inelusse, libeme, muticiB ; oTarium globosum, glabniin ; stylus 
longe essertus, stigmate obconico, magno. {Bx exempli, exsiec. 
2, Wood 990.) 

Sah, ISTatal, Indiyedire,' 'No. 990. [JNTatal, ridges occa- 
sionally snowed, 4000-5000 ft., Sept., Sutherland ; in Kerb. Kew. 
— M. JE, Brown 

In babit tbis resembles the smaller-fiowered specimens of 
E.jiorihiinda, Lodd. ; but tbe flowers, wbicb are pink according 
to Mr. "Wood, are still smaller (perhaps tbe smallest in the 
genus) and are besides differently shaped. 

PmiippiA TEiSTis, Bolus, n. sp. Fruticulus gracilis, erectus, 
ramosiis, fere glaber. Folia 3na, linearia, obtusa, erecto-adpressa, 
yiscidula, juniora ciiiolata, 2-3 millim. longa, internodiis parum 
longiora; flores terminales, solitarii vel 2-Sni, cam pedicellis 
circa 3 millim. longi ; sepala OTata, subinsequalia, subacuta, eolo- 
rata, corolla dimidio breviora ; corolla campanulato-globosa, limbo 
obtuso, circa 1*5 mm. longa; stamina inciiisa, fiiamentis bre- 
vissimis basi dilatatis connatis, antberis late ovatis basi cobse- 
rentibus ; ovarium globosum, stylus gracilis, exsertus, obconicus, 
stigmate excavato vix peltato, exempli, pmcis exsicc, suh 

num. 2594 ut infra.) 

Sah. In elivis graminosis mentis Eoudveld inter Graaff 
Eeinet et Murraysburg, in Colonia Capensi, alt. circ. 1400 metr., 
flor. Dec., legit If. Bolus (anno 1872), No. 2594 in berbb. Kew. 
Ac. 

This has somew^bat the appearance and babit of Ericinella 
passerinoides, mibi, but both tbe leaves and flowers are less 
densely crowded. The sepals are much more nearly equal than 
is usually tbe case in this genus. 
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On Nuclei in Oscillaria and Tolfpoih'isc. 

Bj Bijkixeield H. Scott, M.A., Ph.D., F.L.& 

[Read IGth J une, 1 SS7.] 

(Plate V. figs. 1-4.) 

Ih all recent classifications of the Vegetable Kingdom the class 
of Scliizophjta, including, on the one hand, the blue-green 
Alga?,” and, on the other, the Bacteria, has been sharply sepa- 
rated from all other plants. The chief grounds on which this 
separation is based are three in number : — 1st. The absence in 
the Schizophyta of any sexual reproduction ; 2nd. The absence 
of distinctly differentiated cbromatopbores ; and 3rd. Tbe absence 
of nuclei. It is witli the last point alone that we are now con- 
cerned. Statements alleging the existence of a nucleus in these 
plants have indeed been made from time to time. Thus Schmitz 
once believed that he had found a nucleus in Oscillaria itself and 
other Cyanophycese ; but he afterwards found reason to give up 
this view. Zopf made similar assertions with regard to Fliragmo^ 
nema and an allied genus. Here, however, it remained uncertain 
whether the bodies detected by him -were really nuclei or simply 
vacuoles. 

Since the exhibition of the under-mentioned specimens, the 
writer’s attention has been called to a paper by N. Wille in which 
the existence of a nucleus in Tolijpothrix lanaia is maintained on 
the ground of very careful observations in which various staining- 
reagents were used. So far as it is possible to judge from a paper 
in which there are no figures in illustration of this point, it appears 
that Wille had really solved the problem. Indications of divi- 
sion-stages also seem to have been seen by him. There is, how- 
ever, an absence of satisfactory detail from the paper. Wille’s 
worh appears to have attracted little or no attention, in spite of 
its considerable merit. Two years later Hansgirg f, in the same 
publication, asserted that both nuclei and chromatophores are 
present in GImotlieca and other forms, though he did not find 
them in Oscillaria or its near allies. His figures, however, throw 
no light whatever on the subject. Within the last few weeks 
a series of papers by Zacharias, which is not yet complete, has 
appeared in the * Botanische Zeitung.’ His subject is the nucleus 

* Bericlite d. deiitseberi botaniseben Gesellscbaft, 1883, p. 243. 
t Berichte, 1885, p. 18. 
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generally ; and it is only a small part of his whole work with 
which we are directly concerned. To previous work hy this 
author we owe a large part of our knowledge of the chemistry of 
the nucleus. 

The method used hy him in that part of the investigation 
which is of immediate interest in this connexion was to treat the 
objects first with ether-alcohol to remove fat, and then to digest 
in pepsine solution, subsequently making use of various staining- 
reagents. By this method Zacharias was able to demonstrate, 
both in the cells of Yeast and in those of Oscillaria and Toh/po- 
thriXj the existence of a body having the coarsely fibrous struc- 
ture with which histologists are familiar as characterizing the 
so-called ‘‘ knot-stage ” of the nucleus of the higher plants* The 
structure in question closely agreed in its reactions with the fila- 
mentous (chromatin) portion of undoubted nuclei. As we have 
seen, it resisted the action of pepsine, while, on the other hand, it 
was soluble in such reagents as dilute solution of common salt. 
In its staining peculiarities the body in question also showed a 
nuclear character. The tests applied by Zacbarias will probably 
be regarded as satisfactorily establishing the existence of a real 
nucleus in each cell of the plants in question. In Tohjpofhriss 
the body which gives the nuclear reactions is already visible in the 
natural state without any treatment whatever. 

The exhibition now described is confirmatory of Zacharias’s 
results ; but the methods employed vrere difierent. It must 
here he expressly stated that the nominal exhibitor can only 
claim a very email portion of whatever credit may belong to the 
demonstration. The preparations were made by a lady, Miss H. 
V. Klaassen, working in the Jodrell Laboratory at Kew ; and to 
her is due, not only the actual manipulation, but also, to a great 
extent, the elaboration of the methods. The drawings shown are 
also by her hand. 

The plants so far investigated comprise three species of 0&- 
cillm'ia and Tolypothrix coactilu. The preparations actuaEy 
shown were prepared as follows : — ^^OseiUaria Yo. 1 was treated 
for five minutes with methylated ether and then stained for four 
minutes with Kleinenberg^s bssmatoxylin. The specimen was 
then mounted by the usual process in Canada balsam. In the 
middle of each cell a deeply stained roundish body is seen which 
has a distinctly fibrous structure, comparable, as already stated, 
to the weii-knovm “knot- stage’’ of the ordinary nucleus, as 
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seeB, for exaaiple, ia pollen mother-cells just before division. 
In some of the cells this fibrous body is broken up into a small 
number of portions. In ail the latter cases indication of division 
of the cell hy the ingrowth of a ne'W transverse wall are found. 
In a few specially favourable examples indications of colourless 
striae, suggesting the idea of “ achromatin fibres,” could be ob- 
served, connecting the portions of the nuclear structure, and 
traversing the region when the new cell-wall was not yet com- 
plete. The small number of segments into which the chromatin 
thread breaks up suggests a comparison with such animal nuclei 
as that in the ovum of Asca/^is. 

The other preparations shown, ^^Oscillaria Ho. 3 ” and Tolypo-- 
tlirix coacfilis, were both prepared by the following method : — 
Treatment for twm hours with picro-nigrosin solution was fol- 
lowed by immersion in saturated solution of chloral hydrate for 
two minutes, the filaments being subsequently mounted in pure 
glycerine. 

In ^^Oscillaria Ho. 3 ” the knot-like nuclei are very clear. 
Each nucleus is somewhat contracted, leaving a clear space 
between the chromatin thread and the general protoplasm of the 
cell. This phenomenon was long ago detected by Strasburger 
in the knot-stage of the nuclei of spore and pollen mother-cells. 
In this preparation division-stages are especially frequent, and far 
clearer than in ^^Oscillaria 1.” The signs of achromatin fibres are 
more marked. It is hoped that the important subject of caryoki- 
neiisis in these plants may be more fully dealt with in a future paper. 
It will clearly be of the greatest interest to know how far these 
phenomena show an agreement with those which are now so well 
known in the case of the higher plants. 

The ToJypotJirix shows the same general characters, the slightly 
contracted fibrous nuclei coming out with remarkable clearness. 
Here also some indications of division may be observed. 

It may be mentioned that other methods than those used for 
the preparations exhibited have been employed with similar 
results. It is unnecessary to go into these in detail. In all 
cases the same structure was shown, only slight differences in 
the amount of contraction of the nucleus being observed. In 
^'Oscilhria 2,” probably 0. princeps, the nuclei are of an elliptical 
outline, and show the fibrous structure very plainly. 

The criticism which is most likely to be made on these observa- 
tions, and which has indeed been actually suggested by a distin- 
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giiished botaiiistj is tliis : Is it not possible that the supposed 
nuclei are really products of coaguktion due to the reagents 
eiiiplojed ? It might be supposed that the more granular por- 
tion of the cell-contents may become separated from the rest 
and accumulate in a central mass. 

The answer to this objection is, I think, threefold : — 

1. Tile granular protoplasm can still be clearly seen surround- 
ing the ^‘nucleus.’’ ' 

2. The existence of division- stages in the central body, accom- 
panying the division of the cell as a whole, points clearly to a truly 
nuclear nature. 

3. In ToJj/imflinx the same bodies which present the characters 
described can be seen in the living state before any artificial treat- 
ment has been applied. 

To this it may he added that the observations just described 
must be taken in connexion with the chemical tests applied by 
Zacliarias, which go so far to establish the character of the bodies 
in question as nuclei, agreeing in their reactions with the un- 
doubted nuclei of the higher plants. 

In conclusion, a few words may be said on the general bearing 
of the facts observed. 

In spite of the scattered observations cited at the beginning of 
this paper, it has been the received doctrine up to the present 
time that the Schizophyta contain no nuclei ; though it has been 
held that isolated granules of the chemical nature of nuclein 
may occur in their cells. It will only be necessary to quote two 
authorities. Strasburger, in his classical work ‘ Das botauische 
Practicum ’ (1884), p. 867^, states that the Schizophyceee and the 
Schizomycetes agree in being destitute of nuclei and of definite 
chromatophores. Goebel Outlines of Classification,' Engl, ed., 
p. 20, 1887), asserts that “no cell -nucleus is found either in the 
Cyanophyceas or in the Schizomjcete-.” If the present obser- 
vations, in conjunction with those of Zacharias and others, be 
established, and extended to other members of the group, these 
statements mast fall to the ground. The hearing of this is two- 
fold, 

1. The conclusion is important with reference to the general 
theory of the ce.ll. In all plants with nuclei we have good grounds 


* Also in the 2nd ed., 1887. 
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for believing that these are essential in some way for the life and 
development of the cell, though their actual functions remain 
uiiknown. This has, as is well known, been experimentally proved 
by Schmitz in the case of the multinucleate cells of certain iS'^- 
phoneis. The question whether there are any plants which are 
normally destitute of these structures is thus obviously one of 
great physiological interest, 

2. The subject is important from a systematic point of view. 
The separation of the Schizophyta from the rest of the vegetable 
kingdom has, as we have seen, depended mainly on three negative 
characters j for the peculiarity in the pigment of the CyanophycesB 
is not a point on which great weight can be laid. Of the cha- 
racters in question, that regarding the absence of sexual repro- 
diietion is the least important ; for there are many of the higher 
plants in which observation has hitherto failed to reveal any such 
process. The absence of nuclei and of chromatophores are points 
of almost equal importance ; though the former will probably be 
regarded as the more weighty. That this distinction has been, 
even in some instances, broken down must be regarded as tending 
in an important degree to bring the Schizophytes into closer rela- 
tion with other Thallophytes. 

It may perhaps he said, without presumption, that the results 
attained in the Cjanophycese tend to obliterate the line of de- 
marcation between these plants and the true Algce. As regards 
the occurrence of nuclei in the Bacteria, nothing is yet known. 

DESCRIPTION OP PLATE V. (Figs. 1-4.) 

A. 

Pig. I. Oscillaria,^'^. (“No. 1”), prepared 1)7 ether—Iiffimatosylm—Canada- 
balsam metliocl. Segmentation indicated at a. 

Pig. 2. O&dllaria, sp. (“No. 2,” probably O. prmcejis), prepared by ether — 
hasnmtoxylin— glycerine method. The details are ordy shown in a few 
of the cells. 

Pig. 3. Oscillarm^ sp. (“ No. 3 ”), prepared by picronigrosin — chloral-hydrate — 
glycerine method. Division-stages shown in several of the cells. 

Pig. 4. Tolypothrks coactilis^ prepared by ether- hsematoxylin— glycerine 
method. 


All the figures magnified about 800. 
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Oil a Species of Balanopliora new to the Japanese Flora. 

By ToKrTARO Ito, F.L.S. 

[Read loth June, 1SS7.] 

(Plate V. figs. 5-8.) 

OuE knowledge of tlie flora of Japan has progressed since the 
piiblkatioa of the conjoint work of MM. Fniiicliet and SaYaiie!% 
by the continued researches of niauj men of science, both in tfie 
west and in the east, but more especially by the laborious studies 
of that competent authority on the Eastern Asiatic Flora, Dr. 
C, J. Maximo wicz of St. Petersburg. Under these eirciinistaiiees, 
all that remains requisite is the compilation of a complete flora uf 
Japan in some such form as Bentliam’s ‘Flora Hongkoiigensis/ 
or Sir J. D. Hookerk ‘Flora of British India’ (the latter an 
elaborate work still in course of publication), which is not an 
easy task to undertake. Mith no such complete flora at present, 
botanists may welcome even one fact towairds our knowledge 
of the flora of Japan, if of such a nature as to make known more 
or less striking features iu the geographical distribution of plants. 

Having taken great interest in the numerous papers which have 
lately appeared on the debated Order Balanophore^e, among which 
I may mention Dr. E. Eimmermann’s “ Beitrag zur Keiintniss 
der Anatomie der Selosis gtiijamtisis^^ (Flora, 1S86), Dr. H. 
Trimen’s “ I^otes on Bttlampliora Thmitesii” Eichl. (Jourii. 
Linn. Soc., Bot. vol. xsii. 1886, p. 380), and especially the note- 
worthy memoir on new species Balmiophor a and Tlionninpia by 
Mr. W. Fawcett (Trans. Linn. Soc., But. ser. 2, vol. ii. 1886, p. 233), 
I ana induced to make a few^ statements, of a more or less imper- 
fect character, on the occurrence of a plant in Japan belonging 
to this remarkable Order, wFieh had been previously unnoticed 
by European botanists, since I have paid special attention to it 
for some years, in order to come to a definite conclusion* 
I have not, how^ever, made any previous attempt to publish 
iny remarks on this subject, not only from the scantiness of 
materials, but also because I wished to wait until inj obser- 
vations were complete, and, if possible, at the same time to take 
some notice of the observation of certain anatomical as well as 
physiological characters of this interest iog organism. 

JOUEX.— “BOTAXr, TOL. XXIT'. 
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Since L. 0. Eieliard, in 1822, established tlie Order Ealaiio- 
pliore® in his remarkable “ Memoires sur une nouvelle Famille 
dea PianteSj Balanophorees ” (Mem. du Mus. Hist. toL Tiii.)^ 
these plants, b j their singular morphological characters, parasitic 
habit, physiological significance, and the absence of green chlo- 
rophyll, have attracted the attention of many botanists ; and 
the elaborate monographs of Griffith Hooker f, and lastly of 
Eichler t have shown the complexity of the subject. Minute 
anatomical and physiological observations at the same time were 
by no means neglected by botanists, the chief exponents of which 
are Junghuhn§, lnger||, GoppertU, Weddell Hofmeister ft, 
Solms-Laubach J J, and Beceari§§. Instead of entering here, 
however, into details on this subject, I refer simply to the above 
works, which are the principal contributions to our knowledge of 
Balaiiophoreee. 

Turning now to the consideration of the geographical distribu- 
tion of this Order in Eastern Asia, we find the species described 
by Sir J. H. Hooker from Hongkong under the name of Balano- 
phora Harlandi (Trans. Linn, Soc. vol. xxii. 1859, p. 426), 
authentic specimens of which I have been able to examine at Kew, 
Ko observation, however, was recorded previously, so far as I am 
aware, as to the occurrence of any plant of this Order in Japan. 

In July 1883, whilst engaged in collecting plants on Mount 
Amagi, in the province of Idsu, which forms a peninsula extend- 
ing in a south-easterly direction on the principal island of Japan, 
Mr. Obkuho, of Tokio University, was fortunate enough to find, 
in the shelter of the forest, a parasitic plant of somewffiat remark- 
able form. This plant consists of an aggregation of globular 
fleshy bodies, each with its apical part formed into a short scaly 
protuberance. These bodies, eight in number, are of light- 
yellowish brown ; the scales which enclose the protuberances 
being, however, brown in colour. About an inch apart there 

^ Trans. Linn. Soe., Bot. toI. n, 1851. t Loc. cit. voL xxii, 1859. 

1 Eichler, in Be Candolle s " Prodromus,’ vol xvii. 1873; and in Martins’s 
Flora Brasil, fasc. 47. 

I ISlova Act. Acad. Ores. Leop.-Oarol. toI. xviii. 1839, SuppL 

I Ann. des Wiener Mus. ii. 1840. 

^ JN'ova Act. Acad. O.ts. Leop,-Carr»l. vol xviii. 1841, 8uppl. 

Ann, Sci. Nat. ser, 3, vol. xiv. 1850. 

ft Abhandi. d. k. Sachs, ges. d. Wiss. Bd. vi. 1S59. 

It Pringsheim’s ‘ Jab rbiicher/ Band vi. 1867-1868. 

|§ Nuovo Giorn. Bot. Italiano, vol i, 1869. 
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is a iriiniite body, which seems to be oue of the globular 
bodies in a very young state. Unfortunately the speciineii 
found was in so early a state of development that exa mi nation 
of its anatomical structure was but of slight value for its sys- 
tematic determioation. But from its external appearance, it 
may readily he inferred that this plant belongs to the genus 
BalumpJiora. An illustration of this specimen will be found in 
^ Grakugei Siiirin’(n. 77, p. 5S8), a niontbiy journal, published 
under the auspices of Tokio University. A second specimen 
was discovered by Mr. Makino, one of my local correspondents 
in Japan, in a district in the province of Tosa, in the island of 
8ikoku, a short account of which will be found in a Japanese 
seientifie journal, "Toyo G-akugei Zasshi’ (vol. iii, p. 450, 1886). 
Though the specimen found in the latter place was only a female 
plant, it is extremely probable that it is identical with that 
obtained from Amagi-san. 

On exaiiiiiiing the Herbarium at Kew, I was delighted to 
find some specimens of JBahoiopJm^a collected by C. Wright m 
the Eiiikiu Islands. This is probably the same plant represented 
ill a botanical work on Biukiu plants, entitled Sitsumon Honzo 
( Grwaihen, voL i. fob 12)*. These specimens seem to me to agree in 
every respect with those which I have already mentioned from the 
two localities in Japan. Although I do not like to rush to con- 
clusions, I cannot but consider, so far as our present knowledge 
is concerned, that there is a very great probability that the plants 
collected in Amagi-san and in the island of Sikoku, together with 
those from Eiukiu Islands, belong to one and the same species. 

Thus, at present taking the view that all the plants I men- 
tioned are identical, I proceed to ascertain whether the speci- 
mens represented at Kew fhi’ow any light upon the subject 
under consideration. Fortunately the Eiukiu specimeiis con- 
tained in the Herbarium represent both the male and female 
plants. Entering briefly into the specific determination of the 
plant in question, it may he pointed out that the male flowers of 
the Eiuldu specimens, though imperfect, seem to represent three 

* An illustrated Flora written by a native botanist of Eiukiu Islands. Maxi- 
mowicz has already made the following allusion to this work in ' Melanges Bioio- 
giqiies tires dii Bull, de FAcad. Imp. Sci. de ^t. Pt'tersbourgf t. si. 1883, 
p. 763:—“ Sitsuinoii Honzo, Gwaiheii, i. e. quajstioues de plantis Japoiiicis secun- 
dum dgiiras in laponia ad naturain deiineatus viris doeiis Cliiiise. propositi®, cum 
eorum responsis, edita ab Tsju l)zan Goshidzen e Liukiu, 5 voil. in 8vo, 183#.’’ 
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aiitliers, each bilocular, wMeh proves their affinity to the Balano- 
phora dioiea^ Wall, group. besides B. dioica, there occurs 

a nearly allied species known as B, polyandra ; and the difference 
between the two species is considered to be scarcely recognizable, 
since so competent an observer as Sir J. D. Hooker * says : — “ I 
have frequently not been able to distinguish female specimens of 
this {B. polyandra) from those of B, dioicaB The difficulty of 
distinguisliing the two species does not seem to depend entirely 
on their close resemblances, but also on their variability, B, dioiea 
having been described by Prof. Eiehler f as planta magnitiidine 
varuibilisB The distinction between tbe two species, however, is 
founded entirely on tbe diversity of the stamens, namely the 
anthers in those of dioiea are bilocular, while in B. polyandra 
they are multilociilar. Depending principally upon the above 
determinations, in an examination of the male lowers of EiuMu 
specimens, perhaps we may not he far wrong in presuming that 
the plants w’e found in Japan are probably B, dioiea^ Wall. Tbe 
only difficulties which I cannot pass over without mention, are, 
that in our Eiukiii specimens the number of the bracts of the 
peduncle is rather few'er, and they are loosely placed and irregu- 
larly imbricate as we generally observe them to be in B, poly- 
mtdra, while in B. dioiea the imbrication is remarkably regular ; 
and that the eapitulum of the Eiukiu specimen approximates more 
in shape to B. polyandra than to E. dioiea. By comparing our 
plant with other species, it differs essentially from B. elonyata by 
its tubular rhizome, the latter having it elongate, from B, Har- 
landi by its non-globose eapitulum, and from E. inmluerata in 
other respects. 

With regard to the distribution of E. dioiea y I have been able 
to examine the following specimens, all of wiiich are contained iu 
the Herbarium at Kew : — 

India : Sikkim, alt. 4000-7000 ped. {Sir J. E. Rookery d et 5 ) ; 
Khasia, ait. 3000-5000 ped. (Sir J, B. Hooker^ d et $ , Br, 
WaUiah 1849, d); Kepalia (Herb. Bast Bid. Comp.y d, 1821). 

The allied species, B. polyandra, h represented from various 
localities, some of wdiich may be given thus : — 

India: Himalaya orient. GriJitk,n.2-ido, d)j Sikkim, 

alt. 5000-7000 ped. (eolL SB J. B. Hooker, d et 5 ). 

* Trans, Linn. Sot*,, Bot. voL xxii. 1850; p. 47. 
t De CandoEe’s ‘ Prodromus,’ xviii. pp. 145 & 1407“"'““™" 
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Bringing now nij remarks on tke Japanese Balamplmra to a 
conclusions I hope tliat mj statements, however imperfect, m,ay 
throw some light upon our present knowledge as to the oceur- 
rence of Balanopliorem in Eastern Asia; and that, at the same 
time, they will be of some slight assistance to those who maj be 
in a position to make further observations on this interesting 
plant. 


BESCEIPTIO:Si OF PLATE T. (Figs. 5-S.) 

B. 

Fig. 5. A female specimen of Bah.ncrphora dloica^ Wall. ?, collected by Mr. 

Makino in the island of Sikoku. Japan. Kat. size. 

Fig. (h Sketch of a female flower of the preceding on the stalk of a spadiceh 
Magnified. 

Fig. 7. A male specimen of Balanophora dioica, Wall. ?, collected in the Einkin 
Islands. Eat. size. 

Fig. 8. A male flower of the same. Slightly magnified. 


On a new G-enus of OrchideaB from the Island of St. Thomas, 
West Africa. By H. IST. Eidley, M.A., F.L.S. 

[Bead 16th June, 1887.] 

(Plate VI.) 

The very interesting little terrestrial Orchid described in this 
paper was kindly communicated to me by Prof. Heiiriques, of 
the Botanic Gardens, Coimbra. It was obtained, with many 
other interesting plants, from the island of St. Thomas, West 
Africa, by the Portuguese Expedition in 1885. 

Prof. Henriques was anxious for me to publish an account of 
the Orcliideee and Cjperacese of the expedition in the ‘ Boletin 
da Sociedade Broteriana,’ in which publication have already 
appeared the descriptions of the remainder of the botanical col- 
lection ; but on my urging the great interest of this plant, he 
consented to allow me to offer the publication of an account of 
it to the Linnean Society, in whose Journal it would be figured, 
and be more generally accessible to the scientific world. 

Obestia, n. gen. 

Herba pedalis, habitu Microsiylidh deliimtaelipa ; caulibus 
hand bulbosis, vaginis pallidis laxis tectis. Folia membranacea 
nnor. jotoh. — botaot, von. xxiv. s 
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inaqiiaiia. ovata, acuta, obliqua. Scapus debilis inferne niidus, 
bracteis panels exeeptis. Eiores parvi, patentes, baud resupinati, 
fiavi, Bractece brexes, lanceolate, acute-. Sepaliim posticam 
loiigiusculum, obloiigum, lanceolatum, obtusiim ; lateralia bre- 
Tiora, OTata, falcata, labello supposita. Petala obliqua, ovata, 
laiiceolata. Label! uia sepalis brevius, obovatum, emarginatum, 
piilriiia pubesceiite piuqmrascente in medio. Gynostemium sub- 
teres, graeile, arcuatum, euperne attenuatum. Anthera terminalis 
likmeiito breyi, rostello adnata, loculi yalde discreti, lateraliter 
laox del'd scentes. Pollinia 4, exappendiculata, elliptica, curva, 
traiiSYersa, ceraeea, flava. Stigma teiiue, profuiide concavum. 
liosteliimi latere teniie obtriangulare, apice lato obscure sinuato, 
antliem adniitum et cidaus. Fructus ignotus. 

Okestia elegaks, u. sp. (Plate TI.) 

Gaiiies B-uuciales, graciiea. Folia 2-3 tenuia marginibus 
crispis, maximum 3 uucias longum 1| unciain latum. Scapus 6- 
uneialis, angulatus ; bracteis fb’^iicialibus, ovatis, acuminatis, 
panels, inferne dissitis. Eaeemiis multiiiorus, laiiusculus. 
Bracteffi florales lanceoiata?, aciitse. Pedicelli suberecti, |-unci- 
aies. Flores flavi, eallo in disco labelli purpurascente. 

Island of St. Thomas, West Africa, at 1200 m. Coll. Mollec. 

Tliis plant is one of no little interest on account of the re- 
mariable structure of tlie column, wliicli differs in arrangement 
of parts from tliat of any genus known to me, so that it is yery 
difficult to establish clearly its relations with other forms. 

Tie habit, as stated above, is just that of Micrast^Iis stelido- 
staeli^a. It has a stem of a few inches in height covered with 
thin whitish sheaths, and terminated by a tuft of oval leaves, 
from the centre of which rises a slender scape terminated by a 
lax raceme of little flowers. The sepals are dissimilar, the upper 
ones narrower than the lower, which are ovate and falcate, 
lying under the round lip, w'hich they surpass in length. The 
petals are narrower than the sepals, ovate, lanceolate, and sHghtlj 
ciin-'ed. The lip, which is flat, has iu its centre a small round 
pubescent cushion, over which the slender columit bends. The 
column is cylindrical at the base, gradually tapering towards the 
anther, where it is dilated into a kind of hammer-head. On the 
front of this is a thin-walled tube forming the stigma, above which 
is a tlnn, broad, obtriangular portion which, I believe, to repre- 
sent the rosteliEm. From in front the anther is almost entirely 
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invisible, except tlirongli the thin rostelliiin. On a hack Tiew of 
the coliimii, the anther is seen to be firmly attaclied to the 
rostellnm. It consists of two granular loculi quite separate from 
each otlier and dehiscing laterally (very early, for on opening a 
bud I found that they had already dehisced). They then form 
two cups, ill which the pollinia lie transversely, aiidTall out on 
either side of the rostelhnn. The anther is attached to the 
column hy a short but distinct filament. The pollinia are four 
in number, bright yellow, elliptic and curved, of a somewhat 
waxy, and certainly not granular, consistency. They have no 
appendage of aiw kind, and resemble most those of a Liiiaris or 
some such plant, and, as I have said, lie horizon tally in the loculus, 
that is, with the long axis of each pollinium at right angles to the 
axis of the column. As they do not touch the rostellum at any 
point, it would naturally be expected that they would have no gland, 
which is commonly supposed to be derived from the rostellum ; 
and this is the case. They seem to fall out of the loculi extremely 
readily ; and from the normal position of the column it appears 
that the plant would liave to depend for its fertilization upon the 
chance adherence of the j)ollmia to the sides of the back of some 
insect which comes to devour the soft purple cushion in the 
centre of the lip. 

At first I imagined that the loculi might represent two 
distinct stamens, and that the triaugiiiar body I have termed 
rostellum might correspond to the shield of C^prlpediim, But 
on examining flowers treated with potash and glycerine, I found 
that there was only one fihro-vascular bundle to the anther, which 
runs up the back of the column, terminating abruptly between the 
loculi. 

The front of the column is traversed by two bundles, one on 
either side, which terminate at the level of the stigma ; but I 
could see none extending into the rostellum. are there any 

traces of the lateral stamens of the outer whorl, either in the form 
of stelidia or of bundles. And there are also no bundles repre- 
senting those of the inner staminal whorl. These, liowever, are 
comBionly absent in JSTeottiea?, to which section this plant appa- 
rently must be referred. 

Tor though the pollinia are in texture very difterent from that 
of a l^eottiacian i)lant, and bear more resemblance to those of 
the Epidendrese, yet the complete adnation of the anther to the 
hack of the rostellum is only parallelled by the arrangement of 

b2 
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tlie parts in some Neottiese. In Diuns^foi^ example, tlie antlier 
is almost invisible from in front, on account of tbe large rostellnni, 
and tbe antber remaining permanently attached slits longitn- 
dinallj. But tbe pollinia in this ease lie vertically, that is parallel 
with tlie axis of tbe column, so that their upper ends toncb tbe 
viscid part of the rostellnm and are thus provided with a gland. 
Til Orestia^ on the other hand, the pollinia are quite free from the 
rosteliuitt, ■which appears absolutely functionless except as a means 
of preventing the pollinia faEing on to the stigma. It is obvious, 
however, that to none of the other sections of Orchidese can it 
be referred, for the form of the pollinia and absence of caudicles 
precludes Ophrydeae ; while Epidendreae and VandctU have oper- 
cular anthers. 


DESCBIPTION OF PLATE VL 

Fig. 1. Orest'm ekgans, a. sp. The entire plant. Ufatiiral size. 

2. The flofFer, enlarged. 

S. The column from in front, r, rosteUum ; a, anther ; s, stigma. 

4. The column from behind, r, rosteUum ; a, anther ; p, pollinia. 

5. Diagram of the course of the bundles, r, rosteUum. fibrovasciilar 

bundle to anther ; lateral bundles of column. 

6. Pollen-mass. 


Studies is? Ve&etable Bioloox.— III. The Influence of Light 
upon Protoplasmic Movement, Part I. By Spekcee le 
M. Mooee, F.L.S. 

[Head 2nd June, ISSTJ 
(Plate TIL) 

III the year 1856 Bohm^ put on record the discovery that 
chlorophyll grains alter their position, collecting into masses in 
sunlight and moving on to the side-walls of the cells — ^the latter 
movement being effected also, but more slowly, in darkness. This 
matter he investigated on a rather large scale, no less than 
upwards of a hundred species of Cmsmheecs being used in the 
course of the experiment. Three years later Bohm f returned 
to this subject, but beyond noticing that the Sasifmgea resemble 
their allies, the second memoir contains little of present interest. 

* Sitab, der Wien. Akad. 1856, Band rrii. Heft 2. 
t Ibid. 1859, Band smi Heft 2. 
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It should be mentioned that YonMereklin* had as earlj as 1850 
noticed yariatious in the position of chlorophyll, but without 
attributing them to any physical agency. Shortly after Bdhm, 
Gris t figured and described arrangements of chlorophyll grains 
round the nucleus, some of which must have been the effect either 
of light or its absence, although this was not realized by him ; 
indeed the research had a quite different object. Gris also 
figured the protoplasm of etiolated plants from which the chlo- 
rophyll has disappeared, as collected upon the cells’ side-walls or 
in their corners. To Famintzin J belongs the credit of ascer- 
taining displacements of chlorophyll to be the effect of illumi- 
nation and not of heat ; in a species of Miiiiim this author found 
that the grains come out on the free (surface) walls in light, and 
in darkness pass on to the side^-wails. Shortly after this, two 
memoirs w’ere published by Borodin §, in the fi.rst of which it was 
shown that the ehlorophyli grains of protliallia, collected by 
sojourn in darkness on the side-walls ISlachtstellung move 
oil to the surface- walls Tagesstellung ”) in three hours, 
the reverse movement coming first into view not until after 
twenty-four hours’ withdrawal from light. Moreover, JN’acht- 
stelluDg and Tagesstellung were likewise noticed in many Mosses, 
in the propagula of Marcliantia polpnor^Jia, and in other Hepa- 
tieie. Borodin’s second memoir, devoted to Phanerogams, marks 
a decided advance, since in it the effect of the intensity of light is 
first distinctly noticed ; he showed that the chlorophyll of insokted 
leaves of Lemna trisulca^ CalUtriche verna, and Stellaria Media is 
first driven upon the side-walls, but if the sunlight be still allowed 
to act, the grains collect in heaps in the corners of the cells. Boro- 
din proved that this is due to light and not to heat, inasmuch as the 
movement will not take place in light composed of the less refran- 
gible rays of the spectrum, but it will if, without any change of tem- 
perature, only rays of high refrangibility be used. Besides this, 
Borodin showed that the ehlorophyli of the above types passes on 
to the side-walls in darkness (in the thicker portion of Lemma 
truulca on to the w^all separating the two layers as well as on to 
the side-walls) ; and also that this assumption of jS'achtstellung 

* “ Beob. an. d. ProthalHum d. PamlTauter.” 

t Ann. d. Sc. Kat. Bot. s^rie, tome vii. (1857). 

+ Bull. Acad. d. Se. de St. Petersbourg, 1867 ; reproduced in Pringsheim’s 
Jahrb, f. wiss. Bot. Band vi., and translated in Ann. Sc. Nat. 5“*^ serie, tome vii. 

I Bull. Acad, d. Sc. de St. Petersbourg, 18tl8 and 1869 (xii, and siii.). 
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is more rapid in a cell wlieu injury lias been inflicted on it. Next 
ontbe list comes Frank who in 1872 made tbe movements of 
cMoroplijll tbe subject of a careful study. He called by tbe 
name of Epistropbe ” tlie distribution of tbe grains upon the 
free walls and the parts of the wall bordering on intercellular 
spaces, and by that of Apostrophe ” the arrangement upon the 
side-walis ; he also confirmed the statements of his predecessors 
that Epistrophe is more quickly assumed from dark-caused 
Apostrophe than vice versa. In addition to this Frank found 
Apostrophe to be brought about more slowly in large than in 
small cells, and the position of the chlorophyll grains to be largely 
dependent on the age and general condition of the cell. Shortly 
afterwards, the remarkable difference with respect to position in 
high and low light shown by the chlorophyll of Selagimlla Mar- 
tendi was announced by Priliieux f ; and Be Bary in the course 
of some observations made in conjunction with Strasburger on 
the life-history of Aceiahularia mediterranean noted a running 
together into small clumps of the grains of healthy tubes exposed 
for a few minutes to direct sunlight. In 1880 the subject was 
investigated by Stahl §, who begins his memoir with an interesting 
account of the efieets of light upon the chlorophyll plate of a 
species of Mesocarpiis, show'iiig that the plate, set broadside on 
in diffused light, turns through an arc of 90® on to its edge if 
the ilkiiiiination be strong. Stahl objects to Borodin’s terras 

Tagesstelliiiig ” and “ Nachtsteilung,” remarking very appo- 
sitely that the chlorophyll of many plants remains in Tagesstellung 
throughout tlie uigi^t, and tliat in order to move it into Nacht- 
stelhmg exposure to sunlight is the only requisite. Frank’s 
terminology likewise tails to commend itself, inasmuch as by 
“ Epistrophe ” Frank understands tbe arrangement of the grains 
upon the superficial walls, and on those parts of the walls 
bouiiding intercellular spaces, whereas in diffused light chloro- 
phyll is dispensed on the walls at right angles to the Erection of 
iacideiit illumination irrespective of their relation to intercellular 

* Prir/gsh.eim's Julirb. f. wiss. Bot. Band nii. Seo also Bot, Zeituiig, 1871. 
Priliieux hud in i87iMCuinpiesKeiidus, tuine Ixx. p. 40) written a short accoimt 
of the ail terat ions in position undergone by the dilurophyll of Fumria h/grome- 
trka, wlricii. Iioweuv, had previously been recorded by Borodin. 

1‘ Coui|ites toiue Isxviii, J Bot. Zeitimg, 1877. 

I But. Zeitimg, 1880. Movoment of the chlorojibyil pia,te was first discovered 
by Witt rock i, K. 8venska Yet.-Akail llandlingar, Baud v. 1878), who did not 
liOrn'ever, suspect the agency of light.' 
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spaces. To express tlae two conditions o£ perpendieularitj to 
and parallelism witli the incidence of light , Stahl coins the words 
“ EBchenstellung ” (corresponding with the “ Tagesstellung of 
Borodin) and ^‘Brofiktelliing” (the analogue of ” Xachtstellaiig®’). 
This author shows that if leaves of mosses and fern prothallia he 
brought from darkness into direct sunlight^ no change in the 
position of their chlorophyll ensues, but that, after insolation, 
removal to the dark causes the grains to shift, to a greater or less 
extent, from Profiistellung into Elachenstellung. The chief point 
brought out by Stahl, however, is the one so well known from the 
reproduction of tiie figures in Sachs’s and Pfeffer’s works on 
Vegetable Phjsiolog}", viz. the behaviour of the ehlorophyll of 
Oxalis Acefosella leaves set in direct sunlight, under which 
circumstances the grains of the two lower layers of inesophyil 
cells first pass into Profilstellung and afterwards mass in the cells’ 
corners, just as Borodin showed to be the case with hemna truulca 
&c. Stahl compares these phenomena with the movements of 
zoospores and Desmids t ; his memoir also deals with several 
allied subjects which have no beariog upon the present paper. 

The terminology adopted in the following pages is that of 
Prank, as being in best accord with the genius of our language. 
By the word Epistroplie,” however, I wish to be understood 
as implying the ' arrangement of the ehlorophyll grains ' upon 
those walls which are at right angles to the plane of incident 
light ; by “ Apostrophe ” the setting of the grains upon walls 
parallel to that plane. Moreover, it has been explained; that 
apostrophe is caused by absence as well as by excess of light, and 
I shall show that it may sometimes be induced in poor grades of 
illumination ; when occurring in the dark or in feeble light it is 
proposed to qualify the apostrophe as ‘"negative,” while ^"positive” 
apostrophe will express that the re-arrangement is the result of 
exposure to high illumination* To the whole phenomenon the 
term “ photolysis ” may perhaps be deemed suitable. 

Are the grains drawn passively ■ along with the streaming plasma, 
or have they the faculty of independent motion f is a question 
which has often been asked. It was answered years ago and re- 
peatedly since in the former sense by Sachs and Frank § was 

* StaH also saw the same thing in many other types. 

t Strasbiwger had preiiously done tins in his nieiuoir on Eooapores in the 
* Jenaische ZeltschriiV for 187S, 

I ‘ Lehrbuch ’ and sxst. of the * V orlesnngen.’ 

I Priiigsheiiifs Jahrb. f. wiss. Bot. viii. pp. 231 and 282. 
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strongly of the same opinion, in which Pfeffer ^ has also acqui- 
esced, On the other hand, Prillienxt looks upon the movement 
as resulting from the attraction of one grain upon another, and 
of the cell-wall upon the grains, a curious notion which does not 
appear to have been shared by any other author. Velten J, while 
allowing the great importance of the protoplasmic stream in 
efiecting transference of the chlorophyll, considered that the 
grains have some power of moTing independently of the protoplasm. 
This opinion he arrived at from observing motion round their own 
axis of the grains of two species of Gliara ; but it seems almost 
impossible to decide that the protoplasm, in which the chlorophyll 
lies embedded, is not the agent whereby this movement is caused. 
Stahl § lea\ es the question unanswered, although he seems inclined 
to lean towards Telten’s view, on account of the dependence, as 
respects size and form, of chlorophyll grains upon illumination. 

The reasons which have led me to declare in favour of Sachs’s 
theory are the following : — 

(i.) When photolysis is rapid (as e. g. in the cells of insolated 
Eloiea leaves before rotation sets in) it is easy to see that the 
velocity of the chlorophyll grains is not greater than that of the 
granules swimming passively in the protoplasm. 

(ii.) If Ehiha leaves mcunted in water and placed under tlie 
mieroscope on a warm sumnmr day he exposed to strong illuini- 
nation, the image of the sun being received upon the mirror, 
alter two or three minutes the chlorophyll grains will be found 
in i^pid motion, eitiier in groups or singly upon the superficial 
or lateral w’alls. The groups swim iu streams of protoplasm, the 
single grains run along fine threads of the same substance. IN’ow 
it sometimes happens that, in consequence of the protoplasm 
streaming in opposite directions in the same thread, pairs of 

* ' Pfianzenptiysioiogief ii. p. 307. 

t Oaroptes Benclus, 1874, p. 752. 

{ Oesterr. bot. Zeitsclir. 1S76, no. 3. 

§ Bot. Zeitraig, 1880, p. 352. Curiously enough, all authors state that St^hl 
decides in favour of the passivity doctrine. He does nothing of the hind. 
His words are- — ‘^Die Frage, ob die Korner sich bei diesen Yorgaugen ganz und 
gar passiv verliaiten oder sk-h in irgeiid einer Weis© bei den Bewegimgen den 
Liehtreize gegeniiber llultig erweisen diirfte wobl Innm mit Sicherheit zu ent- 
seheiden seiii. Die letztere Annahine gewinntailerdingseiiiige Wahrseheinlich- 
teit tei Erwagimg der spiiter zu bespreehenden Gestaltsveranclerungen von 
Chlorophylihdmerii, welehem inanehen Fallen ziemlieh raseh aiif den Liehtreiz 
erfolgeii;’ 



m TUaETABLE BIOLOGY, 


205 


grains approacli and clasb, one o£ tliem turning hj tliis means 
upon its edge and "being tins enabled to pass its fellow. When 
the grains clash, a large part of their momentum must disappear ; 
and if they were not passively drifting along, some appreciable 
slowing of their speed should be observed, because time w'ouM 
be required for tlie regeneration of that part of tbe lost momentum 
due to their own proper motion. Eut such retardation does not 
occur, for almost immediately after impact the journey is resumed 
at its former rate. 

(iii.) If light acts directly upon the grains it might be expected 
that they would sometimes spontaneously turn upon their owm 
axis. I have failed to detect any instance of this movement 
which was not referable to some external cause. 

Is the Movemeitffransinissible? 

A question of some interest is broached when it is asked 
whether, in view of Strasburger’s theory of the universal conti- 
nuity of protoplasm^ and the undoubted fact that effects ascribed 
to tbe action of light are capable of transmission from one part 
of a plant to another f, tbe slow movements of protoplasm which 
cause the chlorophyll grains to change their position are also 
themselves transmissible. In order to answer this question, the 
following experiments were made. 

Leaves of Mmaria liygrometrica which had remained four days 
in darkness were placed in a shallow gutta-percha disseeting-tray 
half-filled with water : to the bottom of tbe tray was closely pinned 
a piece of cardboard, in such a way that while completely covering 
some of tbe leaves, others were left half exposed, tbe latter being 
retained in position by means of a small pin passed through their 
apex. Examined after three hours’ exposure to good diffused 
light, the chlorophyll of tbe covered leaves being in apostrophe^ 
that of the others was in apostrophe wdiere covered, in epistrophe 
where uncov'ered, wdth a sharp line of demarcation between epis- 
tropbe and apostrophe. 

Til order to avoid any error which might have arisen from 
insufficiency of time, _ the experiment was repeated with leav^es 
set in darkness overnight, allowing six hours instead of three for 
trausmission to declare itself, but tbe result was precisely as 

* Yidt ‘Ban iind Wachsthuni,’ the section headed Wegsamkeit der 
Zellliaute (p. 246). 

t As for instance in **' sensitive” plants. 
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l)efore; and as trials made with Lemnu trisulca under similar 
conditions had a like issue, one is bound to conclude that the 
movement is not transmissible. Moreover, from an inspection of 
the microscopical appearances shown bj the well-known Schat- 
tenbdder ’’ of Sachs^, beautifully illustrated in Borodin’s second 
memoir, the same conclusion is reached in respect of the higher 
plants. 

The Movements of Ohloro^pJi^ll Graim in the Tarh. 

The observations of Bamintzin, Brank, Stahl, <&c. upon this 
subject have before been alluded to. The chief results obtained 
by them may be thus recapitulated : — 

(i.) The chlorophyll of Funaria passes into apostrophe after 
some hours’ exposure to darkness (exceptionally one hour, Borodin). 

(ii.) Apostrophe is assumed by darkling plants of Mlodea and 
Vallkmna very slowly, not being quite complete even in ten 
weeks (Braiik) ; and in this they are imitated by fern-prothaliia 
and most Musei and flepaticje. 

(iii.) The grains of Lemna trisulca are, after twenty-four hours 
in the dark, nearly all collected upon the side-wails in the thin mar- 
ginal portion of the leaf, or upon these and the inner wall in the 
thick central part ; those of Stellar la media leaves are after the 
above period found upon the side-w'alis, 

(iv.) If FunariaMdses be brought from darkness into direct 
sunlight, 310 change in the position of the chlorophyll results ; 
but if* protlialiia with grains in apostrophe be removed from 
sunlight to darkness, epistrophe is partially assumed. 

It is a matter for surprise that^ with tlie exception of some 
experiments on succulent plants and of Borodin’s on Stellaria 
medm, the behaviour in darkness of the chlorophyll of the higher 
aeroplijtes has never been recorded ; and this is the more remark- 
able because, if care be taken in the ^selection of types, no 
difficulty w'ortli mention blocks the way. In prosecuting his 
discoveries on the movement of the grains in sunlight, Stahl made 
chief use of Oanlis Acefosella leaflets w'hich he, after insolation, 
discoloured and rendered partially transparent by the action of 
aifoiiol. Bor the following experiments it wus deemed advisable, 
tiioiigli not absolutely necessary, to choose as types the more 
transparent plants or parts of plants 5 by this means the position 
of the grains could be readily seen without the use of any reagent 

* iter. d. mth.-phys. Classe &c. 1859, and Ko. xsxv. of the Yorlesungen/* 
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by simply foeusmg tlirough the overlying epidermis^ the air 
having been previously removed from the preparation by gentle 
pressure upon the cover-slip 

The negative apostrophe of angiospermous chlorophyll may be 
well studied in seedling and adult plants of UscJisehoItzia ealifor-^ 
nica. If one of these be placed in darkness overnightj on cutting 
olf a leaf-lobe in the inornins: and mounting it in water lower 
side up, by focusing through the epidermis it can easily be seen 
that the chlorophyll of the lower layer of mesophyll-cells wdiicli 
had, on the previous day, been uniformly or nearly uniformly 
distributed upon the walls l}ing, in the rough sense, in the plane 
of the leaf (PI. VII. fig. 1), is now collected in dense masses in the 
corners of the cells, occupying exactly the position assumed after 
the prolonged action of sunlight (fig, 2). So closely are the grains 
packed that, but for their colour, the masses might be mistaken 
for local thickenings of the wall, the fact of their being composed of 
a number of similar small bodies being evident only upon occasion- 
It wmuld appear that the iclioJe night is not required for these 
grains to apostropliize ; from the list drawn up on p. 23-1 it will 
be seen that although apostrophe takes more than six hours it is 
completed in much less than eighteen, by which time the grains 
have become massed^ massing being always the result of ;^rohnged 
exposure either to sunlight or to darkness. 

Other sun-loving aerophytes were subjected to the same treat- 
ment with the same result, except that tiie massing of the grains 
usually makes a more tardy appearance. In the stellate mesophyll- 
cells on either side of the midrib of the involuerai scales of the 
garden Chrysanthemum, as in the stipules of massing has 

commenced and may be well established after twenty-four hours’ 
darkness j double that time was found requisite for the mesophyll 
of the primordial leaves of J^igella damaseem,, while it was only 
after a week in the dark that the mesophyll of Oentrantlms rtiher 
and the cells of the small outer involuerai scales of Senecio vul- 
garis had their grains in massed apostrophe, although in all 
these cases simple negative apostrophe is (as the table on p. 234 
shows) induced as readily as in JElsehscholtzia itself. But when 
we come to study shade-loving types, w^e see a great diference. 
If Oxalis Acetosella be set in the dark, the mesoplijll of its 
leaflets may be examined day by day without detection of any 

* Semoval of the air -ffith the air-pump has been recommended, bat this is 
quite urmecessary. 
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difterencG in tlie relative position of tlie cbloroplijli-grains in tlie 
lowest of tie tliree layers ; after ten days, liowever, apostroplie 
lias decidedly set in (FL Til. dg. 3), but wbetlier massing ensues 
npon further exposure to dariness is uncertain, all that can here 
be said is that after four more days it has not begun. In the 
same way, the cells immediately abutting on the lower epidermal 
layer of young autumnal leaves of Saxifraga grcmulata show only 
faint signs of apostrophized elilorophyli after a weeFs confinement 
in the dark, and even after three weeks apostrophe is very 
incomplete ; and although it seems to be entirely brought about 
in the mesophyll of Fteris cretica kept in the dark for four weeks, 
yet even this long period is insufficient for Fteris serrulata. 
This is nixicli the same state of things that earlier observers have 
found to occur in prothallia &e. and in Elodea and Vallisnena. 
Frank's statement that apostrophe is not induced in the two 
last within ten weeks I can well believe, my own darkling plants 
showing only partially apostrophized chlorophyll after six weeks’ 
witliliolding of light, by wliich time they were so debilitated that 
it was thought unnecessary to continue the experiment. More- 
over, negative apostrophe is very slowly brought about with 
Oallitrielie terna^ uniojiired parts of the leaves of which have 
their grains not quite all in apostrophe after three weeks’ darkness; 
and in Lemna trmilea, although apparently soinewffiat different 
from other aquatic plants, in that apostroplie is nearly perfect in 
its cells within a few hours, yet in ail my experiments a few of the 
grains in the marginal cells remained in epistrophe and had not 
all moved on to the side- walls even after three weeks. The 
grains of a debilitated specimen of Utricidaria vulgaris, the only 
one available, had not all of them passed on to the side-walls 
after twm days iu the dark : those of Ceraiophgllum de7nersum 
likewise move very slowly into negative apostrophe ; indeed, I 
have seen darkling plants of this species showing scarcely any 
sign of a fortnight’s incarceration. 

And aa in shade-loving Cryptogams, like fern-prothallia and 
most Musei and Hepatic®, negative epistrophe is very slowly 
induced, so, too, aquatic Cryptogams would seem to offer the same 
peculiarity if Mgpnum fiuifam be not an exception, the grains 
of the wider ceils at the base of the leaves of this type not having 
been completely apostrophized after a month in darkness. 

Before leaving this subject it may be mentioned that it is not 
always necessary to withdraw light altogether in order to induce 
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negatire apostroplie ; witli ordinary aeropliytes tills ■will result 
m hiv Uglify under wMeli circumstances apostroplie is set up in 
periods approximatelvs thougli not quite, equal to those necessary 
for its production in darkness. I have witnessed this with Funaria 
Jiggrometrica^ seedlings of Eschscliolfzia ealifomica, and inToiucral 
scales of garden Chrysanthemum and Senecio vulgaris, as well as 
leaf-sheaths of Foa annua ; and as no exception lias heeii discovered, 
this is probably a rule of universal application to plants of this 
kind. 

Massing of the grains on prolonged withdrawal of light has 
already been mentioned as occurring in ordinary aerophytes^ 
Even Fiinaria liggrometriea may sometimes, though very rarely, 
show it, the grains collecting usually upon the fore or the aft wall, 
or both. Eig. 4 (PL YII.) is taken from a plant kept a fortnight in 
verg low liglif. In the leaf-sheaths of Foa annua kept in darkness 
for twenty-four hours, fore-and-aft massing may sometimes be 
observed ; but when it does occur, massing is nsually in the form 
represented in figs. 5 a and h, the nucleus being the focus round 
which most of the grains are distributed. 'Nor do aquatic types 
yield negative results, for if Zemna trisidca plants be examined 
after about a month’s incarceration, the grains, greatly reduced 
in size and discoloured, of the marginal cells will be found to a 
large extent collected in little heaps in their angles. Moreover, 
if small pieces containing about balf-a-dozen internodes of Ehdea 
be set in darkness, tbe greater number of the grains may after 
some days be disposed upon the walls, either in fore-and-aft 
arrangement (fig. 6 a), in the corners (6 h), or to a greater or less 
extent upon the nucleus (6 c\ So, too, with Callltriche verna : 
fig. 7 a shows most of the grains of a cell in simple apostrophe 
after ten days’ darkness ; figs. 7 h and e represent the effects of 
ten days in the dark upon cells nearer the apex of the leaf (where 
apostrophe more quickly betrays itself), in which the grains are 
reduced in size and have massed, this time not in the angles, and 
not always upon one of the lateral walls^. It would seem, then, 
that massing is of frequent occurrence, not only among aero- 
phytes but also in aquatic types. 

But this is not all. hTumerous experiments, especially those of 
Stahl, have shown that the grains in the palisade tissue of the 
leaves of phanerogams are ordinarily very little movable on inso- 

* In liis second memoir Bdhm notices massing of the chlorophyll of ^dum 
sgiifium in the dark. 
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latioa. Ey exposure to darkness for a few days, tlie grains of 
eitlier of tlie two rows palisade-cells of HscliscJiolt^ia ealifornica 
see«ilings will he found massed together so closely that, as in 
tlie niesopliyll under similar circumstances, tlie masses appear, but 
for tlieir colour, as local tliiekenings of the wall. Fig. 8 (PL YII.) 
represents in a bird’s-eye view two palisade-cells with massed 
grains ; and figs. 9 a and which are sectional views, show that 
the masses are collected in the narrowest parts of the cell, that 
is to say in fore-and-aft fasliion. The difference between darkling 
and ilhiiiiinated palisade-tissue is easily made out, since in the 
hitter the ginins are disposed uniformly round tlie circiimfereiiee 
in bird’s-eye view, wdiereas in the former this is not the case. 
Whether or no the palisade-tissue of other types shows the same 
peculiarity lias not yet been determined. 

If a plant with negatively apostrophized chlorophyll be removed 
to diffused daylight, the grains move into epistrophe .after a 
period depending on the quality of the light and on the type 
used. Thus, three weeks’ apostrophizing of Elodea was repaired 
by four clays in diffused light ; five hours’ of SteUaria media meso- 
phyll by three and a half hours ; ten days’ of Omits Acetosella by 
three days, and so on. These .and similar cases are treated of 
under a subsequent head. (See the table on p. 231 i.) 

Eecovery from massed negative apostrophe is possible, provided 
that, in order to induce it, there be no necessity to keep a plant 
too long ia darkness. As with massed positive apostrophe, so 
with negative ; a longer time is needed to epistropMze the grains 
than if they started from simple apostrophe. But it may happen 
that, in order to cause massing, so long an exposure to the dark 
is essential, that recovery of the cell to its normal condition is 
impossible. I have seen this in the marginal cells of Lemna tri~ 
sulea^ with the exception of a few near the base, in which recovery 
took place. It must, however, be mentioned that Z. trisulm is 
soon weakened by confinement in a close room, even under favour- 
able conditions of illumination ; it is therefore possible that the 
failure to recover is not entirely due to withdrawmi of lio-ht 

A still further change in the disposition of chlorophyll some- 
times results from prolonged withdrawal of light. Thus the cells 
of Fuaarm h^gmmetrica plants, set in the dark for three weeks, 
were found to be of one of the following descriptions : — 

(1) Quite dead and empty, except for a few spherical colour- 
less particles. 
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(ii.) As (i.), |}iit vitli a few small spherical red-brown bodies 
(degraded ebloropliyil grains) oscillating in the cell. 

(iii.) Witli a number of red-brown bodies massed upon either 
of the free (superiicialj wnlls ; tlie bodies were iisiiallj in oscilla- 
tion. 

(iv.) Witli brownish quiescent grains, much smaller than those 
of health j cells, lying either on tlie lateral walls for the most 
part, or in larger proportion or almost entirely on the free (super- 
ficial) walls, or fairly evenly distributed on all the walls. 

(v.) With the characters of (iii.) and (iv.) conibiiied. 

(vi.) With grains still green, and appearing but little the worse 
for their imprisoiinient, ranged either escliisively on the side or 
on the free walls (in the latter case recalling epistroplie to the 
mind), or disposed impartially on all the walls : these grains did 
not oscillate, nor were they collected into masses. 

The large cell crowning each parapliysis has massed grains 
after three weeks’ eonfinement in the dark. The masses, which 
are collected at two or three points on the lateral wall, are formed 
of small red-brown bodies closely resembling those of the leaves. 

It appears, then, that the negatively apostrophized chlorophyll 
of Mmaria tends, upon protracted withholding of light, to move 
back again towards epistroplie, which it may sometimes almost 
or quite reach. Tig. 4 (PL TII.) shows the movement in progress, 
combined with an evident tendency of the grains to collect in one 
part (here the proximal end) of the cell : this figure was drawn 
from a plant kept in very low light (insufficient to epistrophize 
already apostrophized chlorophyll) for a fortnight, so that in 
order to bring about this rearrangement (which may be cafied 
‘^negative epistrophe,” or, perhaps, more correctly ^^aatroplie ”) 
total exclusion of light is not necessary. 

The same movement upon prolonged exposure to darkness was 
also seen in a few of the proximal marginal cells of Lemmi ifri- 
mlca after a month’s imprisonment, and figs. 7 1 and c (especially 
the former) show it in CalUtriche verna. Whether the massing 
round and near the nucleus in JPoa amma, previously described, 
and in the epidermal cells of Pier is serrulata (fig. 10) are in- 
stances of it is doubtful, since its essential feature resides in the 
fact of its appearing after apostrophe. 

It will be remembered that it has been discovered that if pro- 
thallia be set in darkness when their grains are in apostrophe, 
epistrophe is partially assumed, negative apostrophe not setting 
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in Ell til gome time afterwards. This is by no means an excep- 
tional ease. Uhdea^ TallfsHerin, Ceratoplit^lliini^ Calliiricliey aiidj 
to a considerable extent, Lenina trisidea show the same peculi- 
arity. Tims, positively apostrophized Eloiea-gmm^^ move into 
episti^ophe within forty-eight hours of removal to the dart, and 
it is now impossible to detect any difference in the distribution 
of darkling and illuminated grains ; and the same may be said, 
except for variations as to time, for all the rest. Moreover 
Fferis ereiica and P. semtiafa, Oxalia Acetosella, and Saxifraga 
granidfiid resemble the above-mentioned aquatic types. On the 
other hand, the positively apostrophized chlorophyll of Funa-ria 
lij/r/romef rica remains in apostrophe on exposure to darkness, as 
does that of L^rfica urens stipules, and of Cent mn thus ruler and 
Eschseholfzia californica niesophylL 

The results obtained under this head may thus be summed up : — 
(i.) The epistrophized grains of sun-loving plants (both Pha- 
nerogams and, so far as experiment has yet gone, Cryptogams 
also) are negatively apostrophized after a few hours in darkness. 

(ii.) .ISTegative apostrophe is very slow in making its appearance 
in aquatic types {Lemna trisulca being a partial exception), and 
likewise in shade-lovers, such as fern-prothallia, Fter-is, Oxalk^ 
and Saxifra^a gramdata^, 

(iii.) ISiegative apostrophe can be induced in sun-loving plants 
in low light. 

(iv.) The effect of continued darkness upon grains already 
apostrophized is to drive them into masses in the comers, or, 
more rarely, upon tlie side-walls of the cell. This is much more 
quickly brought about in sun-loving than in aquatic types. More- 
over it may also occur in palisade-tissue. 

(t.) Still longer exposure to darkness may cause many if not ail 
of the grains to come out on to the free (superficial) w'alls, where 
they may remain distributed with fair uniformity or collected 
into larger or smaller masses. 

(vi.) Positively apostrophized grains of sun-lovers remain in 
apostrophe on removal to the dark ; those of aquatics and shade- 
lovers are to a greater or less extent epistrophised by this 

treatment. 


The Ejihiropliie Iniermh 

If, on a dull day in late summer or autumn, a leaf be taken 
* With respect to this last see p. 219. 
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from each of the following types, growing in low' diffused light, 
viz. Fimaria lujgrometrica^ OalUf riche verna, Elodea canaiemis^ 
and Lemna tnsulca^ and mounted in wmter on glass slides, after 
remaining under uniform conditions of illuinmatioii close to the 
window of a room for two hours or thereabout, it mrig happen, 
provided that the light he of the exact quality required, that the 
chlorophyll of CaUitriclie will be in epistroplie, while in the other 
three it will be in apostrophe^'h Should now the weather clear 
up, so that the leaves are for some time exposed to good diffused 
light, the grains of Lemna 'will remain in apostrophe or show 
more or less tendency towmrds massing in the corners of their 
cells; those of iEIodea will rotate round the eell-peripherj; in 
GaUiiriche they will be found in apostrophe; while epistroplie 
will be established in Fiinaria. To superficial observation the 
simultaTieoiis apostrophe of the chlorophyll of Fimaria and of 
Elodea would seem due to the same cause : the remarkable fiict 
of its dependence in the former plant on deficiency, in the latter 
on excess of light, would, one miglit safely say, never be even 
suspected. 

It is therefore plain that if a graphic representation, as exten- 
sion in space, of the whole range of possible grades of iliumina- 
fcion from darkness to direct sunlight be drawm upon a uniformly 
reduced scale, it wdll be found that the portion of the scale re- 
presenting the various intensities of illumination sufficient to 
bring out negatively apostrophized grains into epistrophe and 
insufficient to drive epistrophized grains into apostrophe will 
depend very much, in respect of extent and position, upon the 
plant which is made the subject of experiment. To this portion 
of the scale, comprising all epistrophizing grades of illumination, 
it is proposed to apply the term “ epistrophic interval ” ; for the 
whole scale the "word “ photrum ” may, perhaps, be allowed as at 
once simple and convenient. It goes without saying, that great 
difficulties stand in the^ way of the proper construction of the 
photrum. In the after-mentioned experiments the photrum was 
twelve feet long ; the end nearest to sunlight (whicli it is pro- 
posed to call the “ positive end) w^as close to the only window 
of a room from wffiich the sun’s direct beams were excluded by 

* In some of the Moto-cells a few of the grains may be in epistrophe, either 
solitary or grouped. This is exceptional if the light be all that is required fo.r 
the success of the experiment. 

IJNN. JOUEN. — jBOTANX, TOL. XXIT. X 



214 


MR. s. LE M. Moore’s stebies 


means of a reiietian blind, except for a narrow space below, 
Uiicler these circumstances there can be no doubt that the 
pliotrum was curtailed at the positive end. Then with regard to 
the end abutting on darkness (hereafter referred to as the 
“negative” end), the diminishing intensities of light were ob- 
tained bj the use of screens, carefully adjusted it is true, yet 
iier^essarily leaving much to be desired on the score of accuracy : 
here, also, it is probable that the pliotrum was too much shortened. 
Another objection is that the quality of sunlight is very variable, 
depending, as it does, upon the amount: of condensed and aqueous 
vapour ill the atmosphere; and this variation must obviously 
extend over the whcde pliotrum. Eesiilts obtained by this 
iiictliod are tlierefore strictly comparable only in respect of ex- 
periments made on the same day and between the same hours. 
The foregoing considerations render necessary the proviso that 
the statements which immediately follow" represent the facts 



1. Ehdea eanudensk. 

% Li'innci frUuka. 

3, Saxffraga gmmlafa (position of positive critical point). 

4. OsalisAeefmllii (position of negative critical point not exactly determined). 

5, Fti'tis ereilca (positive critical point). 

6. Scale of gardes Chrysanthemum {Pgreihmm sbiense). 

(In this and the fullowlng diagrams the epistrophic interval is shaded.) 

merely in a rough-and-ready way, which nevertheless will, per- 
haps, be deemed preferable to a simple unillustrated account. 

The first diagram (%. 1) was constructed on a fine day in ICo- 
vember. In this, as in the following experiments, the pbotrmn 
liaviog been duly adjusted, the leaves to be experimented with 
ivere rapidly cut off and mounted in water upon ordinary glass 
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slides, eacli leaf bein" covered with a piece of tliicli glass to keep 
it extended in tbe plane of the slide. The slides were then set 
out ill the photriini at short intervals. After remaining in tliese 
positions for three hours, daring which time the sun had been 
shining brightly, care having been taken to keep the speciiiieiis 
well moistened with cold water, t!ie slides were saeeessiveiy in- 
spected, commeneing at the positive end, and as soon as a leaf 
was found with grains showing no signs of positive apostrophe, 
the distance between the place occupied by it and the positive 
end of the pliotrum was measured. The length of the pliotrum 
on the reduced scheme being three inches, it only remained to 
divide the above distance by forty-eight and mark off the quotient 
on the diagram. The point at the extreme right end of the 
epistrophic interval it is proposed to call the ‘‘ positive critical 
point,” because the light at this point in the pho train is not 
quite strong enough to apostrophize the chlorophvii. It some- 
times happened that, wdiile one specimen showed signs of apo- 
strophe, the grains of its successor were wholly in episcrophe, in 
which event the critical point was fixed halfway between the 
two ; and no appreciable error could ensue from this, seeing that 
if error there were, the scale would represent it diminished 
forty-eight times. 

The determination of the point at which epistrophe passes into 
negative apostrophe (which may be named the “ negative critical 
point ”) is a much more difficult matter. In the case of Chry- 
santhemum, it was found by placing in various positions in the 
phot rum scales from a cut shoot set overnight in darkness. It 
has already been seen that the grains of Chrysanthemum-scales 
move from negative apostrophe into epistrophe in from three to 
four hours ; consequently in three hours the movement will be 
nearly completed. Acting upon this idea, the specimens were 
examined after the above interval, beginning at the extreme right 
end, and as soon as one was reached which had none of its grains 
in epistrophe, the position occupied by it was noted as the nega- 
tive critical point required. This method would have been appli- 
cable to Lemna trisiilca^ for we know that it can recover in thirty- 
five minutes from the large amount of apostrophe induced by six 
and a half hours* withdrawal of light ; only here, in order to avoid 
ambiguity, it would have been necessary to decide the negative 
critical point from the failure, after the three hours, of ang of 
the grains to pass into epistrophe. Instead of this, the negative 
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critical point of X. trisulca lias been fixed with, it is trusted, fair 
accuracy by studying the behaviour of specimens kept for several 
days in light of different intensities, each intensity estimated, as 
cautiously as possible, in terms of the photrum. But far. different 
is the case with ordinary aquatic and shade-loving plants, the 
grains of which require sevez'al days or even weeks to pass into 
negative apostrophe ; the only way to determine the negative 
critical point of these is to keep them for some time in very low 
light. Treated in this way, it was found that healthy Modea- 
plants, exposed to the lowest illumination for a fortnight, showed 
no signs of apostrophe ; it is therefore safe to affirm that the 
epistropliic interval of this type abuts on darkness. It must not 
be forgotten that large approaches to apostrophe are observed 
under the above conditions if the specimens be old and weak or 
fragmented. Want of time and paucity of material have pre- 
vented my fully dealing with the other types of this set. 


Fig. 2. -f 



1. Fimaria Jiygromctrica (leaves). 

2. Garden ClirTsanthemum (iiiTolucral scales). 

3. Vfiica urcns (stipules). 

4. Poa annud (leaf-sbeatbs). 

The next diagram (fig. 2) shows the cpistrophic interval of four 
land-plants, viz. 'Fimaria liygrometrica (leaves), Fyretlirmn miemse 
(involiicral scales), Tlrfica urens (stipules), and Foa anmsa (leaf- 
sheaths). The positive critical point, which in the first three of 
these extends to the right-hand extremity of tlie photrum, was 
determined upon two hours’ exposure under conditions similar 
to those before mentioned; the negative critical point was found 
from specimens set in darkness overnight, and laid out in various 
positions in the photrum for between three and four hours (the 
time required by the grains to move into epistrophe) immediately 
after removal from the dark. The negative critical point of the 
Foa-gTddm occupied the same position as that of the others, but 
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at tbe positive end the epistrophic interval was somewhat cur- 
tailed. 

One word of caution is necessary here. The above-drawn epi- 
strophic intervals were found in November and December last ; 
it is probable that some difference in their length and position 
will be noted if experiments be conducted in summer, I am the 
more inclined to think this from observing during the past summer 
that it was not necessary to put the leaves of Fmiaria liygro- 
metrica into actual sunlight to apostrophize the grains ; if the 
sky was clear the change took place in the shade close to the 
rays of sunlight streaming into the room. 

Hitherto it has seemed, in the absence of any statement to the 
contrary, that the protoplasm of all cells of a plant is affected to 
the same extent by light, the grains epistrophizing from negative 
apostrophe and positively apostrophizing from epistrophe at 
certain fixed grades of ilLumination. But this is by no means 
always the case. If an Modea-lQdl be mounted in water and 
exposed on a glass slide to rather poor diffused light, after a little 
time ali or most of the chlorophyll grains in the larger cells 
(those placed upon the leafs upper face) will be found upon the 
side-walls ; while in the lower layer of smaller cells, provided that 
the illumination be not too high, only a slight (if any) tendency 
to apostrophe will sliow itself. The effect of the inertia of the 
grains upon their transference in space is alluded to on p. 224 : 
with reference to this point, it may he pointed out that the 
grains of the lower are considerably smaller than those of the 
upper cell-layerj a circumstance favourable to rapidity of move- 
ment ; but it must not be forgotten* that the lower cells, being 
smaller than their overlying neighbours, contain less protoplasm, 
and there is every reasan to believe that the gain on the score of 
inertia is approximately balanced by the loss in respect of proto- 
plasmic momentum, and, as a corollary, that the difference in the 
epistrophic interval of the upper and lower cells is, to a large 
extent, the result of a difference in the response to the stimulus 
exerted by light upon their protoplasm ; and this view seems still 
more reasonable when it is remembered that resistance to move- 
ment cannot he greater in the lower than it is in the upper 
cells, provided that the form of the cells and the relation between 
their size and the size and number of their grains be approxi- 
mately the same i and this seems to be the case. 

Diagram 3 is a graphic representation of these facts. Imme- 



218 


ME. S. LE M. MOOEE’s STUDIES 


diately below tbe epiatropbic interval of the healthy lower cells 
of a leaf (which, it will be observed, is developed much farther to 
the right than the upper cells’ interval) is drawn the greatly 
curtailed interval of certain upper-layer cells in the neighbour- 
hood of the small discoloured spots so frequently to be found in 
ModeaAe^Yes ; this curtailment shows, if the argument just con- 
cluded be sound, that injury to the leaf lowers in a marked degree 
the capacity of the protoplasm of still apparently healthy cells in 
the neighbourhood of the wmund to withstand the motile effects 
of light. Underneath this is shown the interval of the upper, 
and below that of the lower cell-layer of small leaves growing 
upon plants which, after having lain for some days in a 2-per-cent, 
solution of ferrous sulphate, had, after washing and transference 



1. Ehdea canadensL% upper cell-layer of green leaf. 

2. Ditto, lower cell-layer of green leaf. 

3. Ditto, upper cells of green leaf near discoloured spots, 

4. Ditto, upper cell-layer of the leaf of an etiolated plant growing for some 

time in very low light in confined space at the back of a room. 

5. Ditto, lower cell-layer of etiolated plant. 

to water, been placed for several weeks in very poor light, and 
had suffered etiolation in consequence. Eetweeu these two there 
is an extraordinary difference, for while the protoplasm of the 
lower layer shows not much more sensitiveness to light than is 
usua% met wuth in healthy green leaves, the plant must he kept 
within a very short range of the lowest illuminations if the grains 
of the upper-layer cells are not to he driven into apostrophe. 
It might be thought that the greater sensitiveness of the latter 
cells’ protoplasm is due to its more exposed position with respect to 
the impact of light ; this is, how^ever, a mistake ; side by side with 
every leaf used in the construction of the intervals of the pi^esent 
diagram was placed a similar leaf taken from the same whorl, and 
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mounted lower side uppermost. In no case was tlie sensitive- 
ness of tlie protoj^lasm affected bv tlie position, as regards the 
zenith, occupied by its containing cells. 

This chapter may be brought to a conclusion with the mention 
of the following points : — 

(1) The length of a plant’s epistrophic interval depending 
upon the quality of its protoplasm, the reason for the caution 
expressed in the opening sentence is apparent. In order that 
the experiment there spoken of may succeed, it is necessary not 
only that the light he of precisely the proper qualitjq but the 
protoplasm of all the plants must either be perfectly healthy, or 
corresponding inroads into its health must have been made in all 
cases. 

(2) It would appear that if an epistropliic interval do not 
reach far to the right, it will extend some (perhaps all the) way 
upon the left side of the photrum ; and this seems to be a general 
rule. OveTla2:>ping intervals do occur, however ; one such was 
found in the case of a moss growing with Mmaria liygromeirica.^ 
the chlorophyll of which required better sunlight to positively, 
and feebler light to negatively apostrophize it than did the 
’Munaria. 

(3) The epistrophic interval of all aquatics is developed far 
more upon the left than upon the right side of the photrum ; 
that of sun-loving aerophytes is restricted to the right side, while 
shaded aerophytes have an interval intermediate in poKsition. 
This generalization applies to all types irrespective of their mor- 
phological relationship. 

(4) Besides quality of protoplasm and habitat, it may, perhaps, 
turn out that the interval is, at least to some extent, determined 
by the season in which a plant grows. This is the only way in 
which the behaviour of Saxifraga gramtlaia can be accounted 
for ; the rosulate leaves of this type may, perhaps, to some extent 
be protected from the sun by overshadowing grass-blades &c. ; 
but a more reasonable view of its resemblance to shade-lovers is 
that, although exposed to sunlight, the office of the leaves has 
been performed before that period of the year arrives when light 
is of the highest intensity. "Whether this doctrine is of wider 
application has not yet been determined. 

Lastly, as extreme cases of difference in respect of the motile 
agency of light on the protoplasm of the same individual, the 
Gliaracew may be referred to, the divergence here applying not 
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to different parts of tlie plant, nor to abnormal protoplasmic con- 
ditions, but to tbe normal state of every cell. Tbe parietal zone 
consists of protoplasm toned so higbly to light that the chloro- 
phyll embedded in it does not manifest, even in direct sunlight^, 
the slight movements of apostrophe and epistrophe ; whereas the 
inner zone exceeds the protoplasm of Modea in sensitiveness to 
light as much as the latter does the protoplasm of ordinary types, 
This coexistence in the same cell of the extremes of mobility and 
of impassiveness is, despite its familiarity, a highly remarkable 
circumstance. 

0)1 the Nature of the Movement of Chlorophyll Crains. 

Why do the chlorophyll grains move into positive apostrophe ? 
Can it he, as B5hmt thinks, to avoid the destructive effects of 
light ? If so, it is very remarkable that the position of the posi- 
tive critical point should he so variable iu the photrum, not only 
as respects different types, hut also different individuals of the 
same species and different parts of the same individual. Is it 
possible to believe that the chlorophyll ofj, for instance, the lower 
cell-layer of JElodea-lenjXes differs so much in constitution from 
that of the upper cells that it can without injury suffer exposure 
to light of intensity sufficient to destroy the upper chlorophyll ? 
This consideration seems to warrant an emphatic negative to 
Bdhin’s theory, quite apart from the objection urged against it 
by Stabl that before it can he said to he safely grounded, the 
onus is upon its upholder of proving that the grains are destroyed 
by sunlight if their apostrophizatioii be prevented §. Stahl || has 
himself fathered a hypothesis to the effect that the aim of apostro- 
phization of chlorophyll in sunlight is to prevent accnmulatioii, 
to an injurious extent, of the products of assimilation. Apart 
from the charge of embodying a discredited form of teleology 

* Pringsheim (Ueber Liclitwirkung unci Cbloroplijllfunctiou in cler Pflanze,. 
p. 333) found that in concentrated sunlight moTements are excited in tlie 
parietal protoplasm, as is evidenced ])y the grains shifting their position. 
Velten has recorded very slight movement in the imietal protoplasm (Oesterr. 
bot. Zeitsoh. 1876, no. 3). 

t Phis is stated on Stahl’s authority (Eot. Zeitung, 1880, p. 381). I have 
failed to find the reference in either of Bblim^s memoirs. 

I Bot. Zeitung, ISSO, p. 381. 

§ It is scarcely necessary to say that the behaviour of the grains in concen- 
trated sunlight, as observed by Pringsheim, is not in point. 

1[ Bot. Zeitung, 1880, p. 381. 
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(an objection applying equally to Edlim’s view), this doctrine 
also gives no explanation of the dependence of the positive critical 
point upon species, individual, and cell. Can it be that this sup- 
posed injurious accumulation commences in aquatic plants at 
grades of illumination far lower than those necessary to produce 
the same efcects in sun-loving types ? If so, where are the ex- 
periments which render this doctrine probable ? And if there 
are none (and I know of none), does not Stahl lay himself open 
to precisely the same objection which he finds to Bohm? Nor 
is this all. If the grains are apostrophized in order to prevent 
some supposed injury which it is in the capacity of light to in- 
flict upon them, why do they assnme precisely the same position 
in darkness, i, e, under circumstances rendering injury by light 
impossible ? If Stahl’s view he retained, we can only account 
for the facts of negative apostrophe by sinning against the iN’ew- 
tonian injunction with reference to the multiplication of causes. 
Before doing this, let us see whether there is not a simpler 
theory capable of accounting for the facts not only of positive 
but also of negative apostrophe. 

It is admitted on all hands that the prime agent in the varia- 
tions in position undergone by chlorophyll is the protoplasm of 
the cell, authors differing only as to whether this is the sole 
cause or whether the grains themselves he not to a slight extent 
contributory. Por present purposes the latter question may be 
overlooked. It is therefore obvious that, when epistrophe sets 
in, the tendency of the protoplasm is to collect upon the super- 
ficial walls, the grains being carried out from the side-walls in 
consequence. But when, as the result of insolating leaves of 
Funaria^ for instance, the grains move to the side-walls, this 
happens because a reverse condition is set up, the protoplasm 
now tending to move away to the least highly illuminated por- 
tions of the cell. The fundamental mistake made by Bohm and 
Stahl is in ignoring in their respective theories this attracting 
and repelling action of light upon protoplasm. The researches 
of Eamintzin, Cohn, Schmidt, Stahl, and especially Strasbtirger 
have taught that light has great influence on the movements of 
zoospores. S trash urger"^, it will be remembered, finds that 
zoospores whose movements are affected by light (called by him 
“ pbototactic ”) are either “ aphotometric,’' that is move uni- 

^ Jenaische Zeitschrift, 1878. The bibliography of the subject will be found 
there. 
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formlj towards tlie source of illurainatioii, or ‘‘photometric/’ 
inasmuch as light is approached or receded from according to its 
intensity. The phenomena of photolysis would seem to be ex- 
plicable on the Tiew that this phototaetic quality of zoospores is 
a general property of cell-protoplasm. But besides zoospores, 
the Myxomyeete plasmodium has been shown by Baranetzky ^ 
modifiable by light, since the pseudopodia, emitted on all sides 
ill darkness and low light, are, when strongly illuminated, drawn 
in upon the more highly lighted, and developed upon the shaded 
side. 

The doctrine advanced here is, that the movements of chloro- 
phyll have no relation whatever to benefit or injury experienced 
hy the grains, nor necessarily to the w'ell-being of the protoplasm, 
hut that just as in Strasburger’s “ Lichtstimmung ” experiments, 
in which a zoospore moved towards or awmy from a certain degree 
of illumination, according as to whether it w’-as of low or high 
grade, so in respect of any plant there are two points in the 
photrum — the positive and negative critical points — at one of 
which its protoplasm begins to be repelled from the superficial 
to the side w^all, and at the other to be turned in the reverse 
direction ; in short, it is submitted that all the phenomena are 
to he explained on the supposition that protoplasm is phototactic 
— negatively to light of high, and positively to light of medium 
intensity. 

Before proceeding to dwell upon this theory in detail, it will 
be well to refer to another matter closely connected "with it. 
Suppose that a Fimaria-lQii% removed from darkness in which it 
has lain overnight, be set in good diffused light : the protoplasm 
tends to collect upon the surface-walls, and, in so doing, a strain 
is imposed upon its micellae. If the leaf be now brought up into 
sunlight, an increased strain is experienced hy the protoplasm as it 
makes for the side wall. ISTow the elastic recovery of solid bodies 
submitted to twists or strains depends upon, first, the amount, and, 
secondly, the duration of the disturbance ; and I shall endeavour 
•to show that the movements of protoplasm can best be explained 
on the supposition that it is aflected by light just as a solid body 
is hy a twist or strain. One of the most remarkable facts about the 
changes of position shown by chlorophyll is that negative apo- 
strophe is so slow in establishing itself in the aquatic plant, while 
it is rapidly induced in ordinary aerophytes. It will be remem- 
^ Mem. Soc. Hist. Nat. de Cherbourg, xix. 
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bered that tlie positive critical point of aquatics is situated much 
further to the left of the photrum than is that of aerophytes. 
What does this mean ? Obviously, that the protoplasm of the 
former is more sensitive to light, or, in other words, that light is 
capable of imposing a greater strain upon it. We should con- 
sequently expect that the protoplasm of aquatics would recover 
from the effects of the strain more slowly than that of aerophytes, 
or, to use the language of electricity as applied to the “ residual 
charge ’’ on a Leyden jar (a phenomenon now believed by elec- 
tricians to he only another instance of elastic recovery), the 
“ charge’’ of light would more readily “ soak out ” of the aero- 
phytic than out of the aquatic protoplasm. It is submitted, then, 
that so long as a darkling plant has its grains in epistrophe, so 
long, even though it may have been imprisoned weeks or months, 
do the motile effects of moderate illumination upon its proto- 
plasm remain manifest*. Moreover, the behaviour of the posi- 
tively apostrophized grains of aquatics and aerophytes set in 
darkness is a pure enigma, unless viewed from some such stand- 
point as is here taken up. When a leaf of Fwnaria with posi- 
tively apostrophized grains is deprived of light, no appreciable 
alteration in the position of the chlorophyll occurs, and appa- 
rently for the following reasons. Two actions are now in opera- 
tion, viz. recovery of the protoplasm from the extra strain of 
apostrophization (this would of itself tend to epistrophize the 
grains), and the elimination of the disturbance induced by epi- 
strophization (which would, if it acted alone, result in driving them 
on to the lateral walls). Although, as is shown in the table on 
p. 234, epistrophization from positive apostrophe takes less time 
than negative apostrophization from epistrophe, which would 
lead to the surmise that some tendency to epistrophe ought to 
be seen if the theory be sound, yet it. must not be forgotten 
that signs of apostrophe soon manifest themselves in darkling 
eaves, full apostrophe under exceptional conditions 
being established in the short space of one hour. It may there- 
fore be safely assumed that soon after an insolated FtmariaAedii 

^ I hope upon a subsequent occasion to deal with the fructifying causation 
of light in a detailed manner. It must here suffice to mention Strasburger’s 
discovery (Jenaische Zeitschr. 1878) that many phototactic zoospores for a short 
while continue to move, after a sudden change in the intensity of light, in the 
direction due to the former illumination : this phenomenon, closely similar to 
the slow soaking out of motile effects in darkness, is W'eli reproduced in rotation. 
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has been placed in darkness, there is set up m the protoplasm of 
its cells a teiideiicj which, if unchecked, w'ould cause accumula- 
tion of the protoplasm on the superficial walls, and consequent 
epistrophizatiott of the chlorophyll. What are the forces con- 
ditioning the setting-in of this movement? Plainly, the mo- 
mentum. of the protoplasm diminished by the inertia of the grains ; 
the retardation due to friction of, first the protoplasm against 
the wall, secomdiy the grains against the wall, thirdly the 
protoplasmic stream against the grains ; and, lastly, the loss of 
momentum conse(quent npon impact of the grains upon their 
fellows. If, therefore, there come into play another force equal 
to the difierence between the momentum capable of being aecu- 
muiatedin the protoplasm and the retarding forces, and acting 
in the same viay as the latter, no epistrophization can take place. 
In the Mmaria-lm( under notice this force is none other than 
the force hy whieli negative apostrophe is brought about, and 
the coiisideratio*ns just cited account for the fact that, although 
the latter force comes more tardily into play than the epistro- 
phizing force, tlie positively apostrophized grains of darkiiog 
Funarut-leaved^ do not pass into epistrophe. But in the cell of 
a darkling aquatic plant, with positively apostrophized chloro- 
phyll, a very dilerent state of things exists. Here light has im- 
posed a greatei: strain upon the protoplasmic micellae, and re- 
covery should be more gradual. The first portion oi the strain 
to begin to disappear will obviousl}^ be that hy w'hieh positive 
apostrophization was caused: this would be the signal for epis- 
trophization to commence and finally to prevail, it not having 
been checked or prevented by an opposing negatively apostro- 
phizing force, because, as is shown by tlie table on p. 234, nega- 
tive apostrophe, on account of the slow i*ate at which effects 
produced hy light soak out of aquatic protoplasm, does not set 
in until some weeks after light has been withdrawn from aquatic 
types. 

If the present argument be sound, the time taken by proto- 
plasm to recover from the effects of insolation should vary di- 
rectly as the time of exposure. It may be stated as a general 
rule that this is landoubtedly the case. The easiest way of ap- 
plying this time test is to experiment with plants whose grains 
have been driven,, some into simple, some into massed apostrophe, 
epistrophizatiou from the latter phase I'equiring much longer 
than from the , former. I believe the statement is also true of 
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simple apostrophe ; but I am not in a position at present to give 
figures in elucidation of tliis point. 

To proceed now witli the phototactic theory of photolysis. It 
is known that protoplasm has a wonderful power of slowly adapt- 
ing itself to the conditions under which it is placed. If, there- 
fore, the movements, in virtue of which chlorophyll is epi- and 
^apostrophized he protoplasmic alone, and without any arrihre 
pensee^ as it were, to chlorophyll itself, we should expect to find 
that the protoplasm of aquatic types would be toned to light of 
low intensity, because it is only under unusual conditions that 
these plants are exposed to highly-diffused illumination or direct 
sunlight- Upon the same grounds it might be anticipated that 
sun-loving types would have their grains in epistrophe in light 
of intensity sufficient to induce apostrophe in aquatics ; in other 
words, the position of its epistrophic interval ought to depend 
upon a plant’s habitat, so far as this is affected by illumination ; 
and this it has already been showm is the case. 

Seconily, The view that protoplasm is toned to a certain in- 
tensity of light is warranted by the fact that apostrophe of the 
grains in cells neighbouring on dead cells is more readily effected 
with light of good enough quality to cause apostrophe in healthy 
cells than it is in these latter, and can take place at grades of 
illumination insufficient to apostrophize the grains of healthy 
cells. Upon Eohm’s theory, proximity to a dead cell must in- 
crease the sensitiveness of chorophyll to light ; while supporters 
of Stahl would be forced to admit that the neighbourhood of dead 
cells is a region where assimilation is more active than ordinary. 
It is submitted that this alone drives Bohm’s and Stahl’s theories 
from the field, whereas the supposition that a dead or dying cell 
must exert a lowering influence upon the protoplasm of its 
neighbours, not only because its own protoplasm is in a morbid 
condition, hut because all the protoplasts are placed in continuity*, 
is surely by no means an extravagant one. One might therefore, 
upon these grounds, predict that the epistrophic interval of the 
cells in question would not reach so far to the right as does that 
of healthy cells. 

Thirdly. If the tone of the protoplasm with respect to light 
depends on its quality, it ought to be expected that the epistro- 
phic interval of cells, the protoplasm of which is injured by any 
cause whatever, would he curtailed towards the right. Erank 
* I have obtained fair verificsation of this statement. 
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says tliat (positive) apostrophe is favoured by sectioning, by 
exposure to abnormal temperatures, by diminution beyond a 
certain limit of a plant’s watery contents, and by withdrawal of 
oxygen from it, and by old age. Supporters either of Bohm’s or 
of Stahl’s theory are, upon each of these points, confronted with a 
difficulty precisely similar to that pointed ont under the last head. 
Moreover Prank’s list is not quite exhaustive, for poisoning is a 
ready means of inducing apostrophe. Why the grains of a plant 
treated with a 3-per-cent, solution of ferrous sulphate or ferric 
chloride should apostrophize at lower grades of illumination than 
another’s not so acted on, is perfectly mysterious except upon 
the view that use of the poison has brought lowering of proto- 
plasmic tone in its train ; in none of Prank’s cases is the mystery 
less, nor less completely solved by the same method of reasoning. 
Prank, indeed, goes to the length of describing apostrophe as a 
symptom of diminished vital energy ; ” and although later dis- 
coveries have shown that this is too wide an assertion, yet there 
seems to be no doubt that to abnormal apostrophe, whether posi- 
tive or negative, this description well applies. 

JS'ourtlily. If the protoplasm of aeropbytes be more highly 
toned, as respects light, than that of aquatics, it ought to betray 
more rigidity in the former; thus the positive effects of light 
should be less and take longer to bring about in the aerophyte 
than in the aquatic. That the disturbance caused by light is 
greater in the aquatic plant has been amply shown ; its more 
rapid introduction is established by the table on p. 234, from 
which it may be gathered that even in low light the grains of 
JEIodea require little longer to apostrophize than do those of 
aerophytes in direct sunlight (in good light a few minutes are 
sufficient for the purpose); and in bright diffused light Lemna 
trisulca chlorophyll is apostrophized in about a quarter of the 
time necessary for that of insolated aerophytes. Again, it is 
seen from the table that the almost entirely negatively apostro- 
phized grains of Z. trisulca are epistrophized in thirty-five 
minutes, whereas a corresponding movement in aerophytes is not 
Ciompieted until several hours have elapsed. Further comparison 
oia this head is scarcely practicable, because of the long time re- 
quired to negatively apostrophize the grains of aquatics, and the 
cons,equent inroads upon the health of their protoplasm. How- 
ever, with this caution it may be pointed out that the partially 
apostrophized grains of JJtricularia vulgaris were epistrophized 
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in four hours, while the countermovement occupied half as manj 
days, four hours being about the time taken by ordinary aero- 
phytes to recover from the effects of only a few hours’ withdrawal 
of light. Perusal of the table will make it evident that many 
similar facts could be cited were such a course deemed requisite. 

Fifthly. By the parallelism shown in positive and negative 
apostrophization, clear proof is given that to neither movement 
does welfare of the chlorophyll stand in any necessary relation. 
This has already been spoken of; it will be sufficient here to 
remark that adherents to Bohm’s theory must not only admit 
that insolation is more harmful to chlorophyll than withdrawal 
of light ; they are bound to maintain that the difference in the 
amount of injury accruing from these two causes is much greater 
in the case of aquatic types than of sun- loving aerophytes, for 
the grains of the former (more readily apostrophized in sunlight) 
take a much longer time over negative apostrophization than do 
those of the latter, 

SioctJihj. But, it may he asked, how is it possible to explain 
the massing of chlorophyll upon continued insolation except, as 
Stahl does, by supposing it to be a method whereby the iujurious 
effects of strong light are minimized? The fact that massing 
also takes place in darkness, although a good, is scarcely a clinch- 
ing argument against the protection doctrine, since similar 
results may ensue from dissimilar causes : there can also he no 
doubt that the massed chlorophyll is less exposed to light because 
of the shadow which some of the grains are now able to cast 
upon their neighbours ; besides this, it is shown on p. 231 
that massing is the causepf some of the grains being forced upon 
their edge, and so partially withdrawn from the sun’s influence. 
If, however, it is possible to refer massing to purely meebanical 
action, it is submitted that the protection doctrine must he aban- 
doned, since the directive effects of light now vanish. Such me- 
chanical considerations are easily reached. Suppose a cell whose 
chlorophyll has just been positively apostrophized. The grains 
now lie uniformly disposed around the cell, and, in virtue of the 
disturbance of the molecular equilibrium induced in protoplasm 
by light, they shift their position, remaining all the while, for 
photometric reasons, upon the lateral walls. This movement 
can he traced in some cases, as e.g, in the marginal cells of Lemna 
trisulca, hut the observation is a trying and tedious one; its 
speed depends on the ratio between the protoplasmic momentum 
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on one band, and friction and inertia on the other. It is obrious 
that at tlie corners of rectangular and in the arms of meso- 
phyll cells the friction will be at its maximum; the consequence 
of this is that the grains in the arms or corners will be caught 
up hy their successors, and, being impinged upon by the latter, 
a loss of momentum will ensue ; and as the inertia of the massing 
grains is a constantly increasing quantity, it is clear that the 
retarding influences are ever becoming greater, so that a time 
must arrive when the energy accumnlated in the protoplasm is 
no longer capable of setting the heaped masses in motion. 

Suppose, now, the chlorophyll to have nndergone negative 
apostrophization. This has already been referred to recovery 
from the strain imposed by epistrophization, but massing in the 
dark seems due to another agency. We know that the epistro- 
phic interval is curtailed towards the right by any condition 
tending to depress the vitality of protoplasm ; it has also been 
insisted on that the motile effects of light do not immediately 
disappear when a plant is placed in darkness ; nay, that they may 
remain evident for weeks. Lowering of the vitality of protoplasm 
is therefore accompanied by increase in its sensitiveness to light ; 
if this lowering take place before the motile effects of light have 
soaked out, the protoplasm is acted upon precisely as if, while 
retaining its normal vitality, it were exposed to apostrophizing 
grades of illumination. It is claimed that darkness exerts the 
required lowering effect upon protoplasm ; and, if this view be 
correct, and it will, perhaps, be considered no extravagant hypo- 
thesis, there is ample justification for the surmise that, if the 
movements of epi- and apostrophization concern protoplasm alone, 
the apostrophized grains would, for the same reason and by the 
same means which have already been mentioned as coming into 
play in respect of positive effects, mass in the corners and arms 
of their cells. 

The position here taken up is selected for the following con- 
sideration. If it be held that lowering of the protoplasmic tone 
is the sole reason for negative apostrophization, it seems difficult, 
if not impossible, to believe that there can be the required dif- 
ference in this respect between aerophytes and aquatics, while, 
if simple relaxation from, tension be the sole cause, the chloro- 
phyll having been negatively apostrophized should, instead of 
massing, remain uniformly distributed upon the lateral walls. 
The latter condition is found in Funaria hygro'^eirka, the grains, 
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of wHcli, instead of speedily massing in darkness, remain in 
simple apostrophe. In this case it might he argued either tliat 
the efiects of light must soak out with unusual rapidity (in which 
event we should expect that rearrangement of the grains con- 
sequent on long confinement in the dark, to which the name of 
^‘negative epistrophe” or “astrophe” has been given, would set in 
much sooner than is the ease), or else that the tone of the proto- 
plasm with respect to light must be I’apidly lowered (which would 
result in ultimate massing” — a very rare occurrence indeed in 
Fmiaria), The difficulty will, perhaps, vanish wdien it is remem- 
bered that the thickness of the Funaria-teH is much loss than its 
length, so that the grains, very large relatively to the size of the 
cell, are more closely packed in apostrophe than in epistrophe ; 
by tliis means the conditions favouring stasis are reinforced by 
impact of the grains against their neighbours, and the consequent 
loss of momentum and increase of friction. This, it is eavsy to 
conceive, may well be equivalent to the difference between the 
above conditions and the protoplasmic momentum ; and if equi- 
valence he once established, massing cannot set in. 

The theory here advanced may be shortly stated thus; — 

(1) Protoplasm is positively phototactic to light of medium 
intensity, and negatively so to high grades of illumination and to 
darkness. 

(2) The attracting and repelling actions of light impose a 
strain upon protoplasm, the time of recovery from which varies 
directly as the amount of the strain, i, e. as the sensitiveness of 
the protoplasm to light, and directly also as the period of ex- 
posui*e. 

(8) Lowering of the tone of protoplasm as respects light 
results from withholding that agent ; at the same time photolytic 
effects remain stored up for a time in protoplasm after light has 
been shut out. It is upon the relation between lowering of the 
tone and soaking out of the effects of light that negative apo- 
strophe depends. 

The view here advocated does not exclude the new doctrine, 
that it is mainly by the movements of protoplasm that the trans- 
, ference of plastic materials from one part of a plant to another 
is effected. The doctrine may be said to be new because of the 
great extension of ’which it is capable from the discovery of pro- 
toplasmic continuity. It is well, however, to remember that 

LIHH. JOITRH, — JBOrAHY, VOL. XXIV, U 
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Criiger ^'5 Elore than thirty years ago, considered that nutritive 
materials might be conveyed by the streaming plasma, and such 
conveyance was actually observed by Strasburgerf in the course 
of his study of cell-division in Bpirogyra. Meanwhile Velteo J 
had put forward the notion that protoplasmic movement is of 
universal occurrence in the vegetable cell. It was left for H. 
de Vries § to apply Velten’s view to the altered ideas of cell-life 
introduced by the continuity doctrine, by maintaining that the 
transport of materials is brought about by circulatory or rotatory 
actions in the connected protoplasts. De Vries takes his stand 
upon Stefan’s II calculations, according to one of which, for 
instance, one milligramme of sodium chloride in lO-per-cent. 
solution requires 319 days to traverse, by means of diffusion in 
water, the space of a metre ; his own experiments with vertical 
tubes, in the bottom of which he placed some coloured salt in a 
dry state and then cautiously filled the tube with water, indicated 
a rate of diffusion wholly inadequate to account for the rapid 
transport of materials through the tissues of plants. He also 
made a large number of observations which showed the univer- 
sality of protoplasmic movement. In these experiments portions 
of tissue were laid in a 5 -per-cent, solution of cane-sugar, in which 
they were allowed to remain from one to two hours before ex- 
amination. Under these circumstances either circulation or rota- 
tion w^as usually set up, and was especially well pronounced in 
the conducting- cells of the phloem, i. e. where the transport of 
materials is at its maximnm. It may he objected to De Vries’s 
vertical-tube experiments that they do not reproduce natural 
conditions with anything like exactitude; still, even allowing 
for this, there does seem to he much force in his argument, 
although one is not hound to admit that the normal movements of 
protoplasm are as energetic as w^ere those observed by him, in 
which latter I am inclined to think there are three factors con- 
cerned, viz. : 1 st, a slow motion, similar to but perhaps shghtly 
more rapid than that by which photolysis is effected; 2 ad, in- 

^ Bot. Zeituag, 1855. Cr%er did more ; he even suggested that transport 
of nutriment from ceil to cell might take place via pores in the cell-wall * in 
fact, his theory is in all essentials the same as D© Vries’s. 

t ‘Ueber Zellbildung and Zelltheilung ’ ; also ‘Bau nnd Wachsthum.’ 

t Bot. Zeitnng, 1872. 

§ Bot. Zeitung, 1885 ; most of the bibliography is given in this memoir. 

|1 Sitzungsb. der h Wiener Akad. 1879, ii. Abtheilung, 
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crease of illumination ; and 3rd, lowering o£ protoplasmic tone — 
tlie last two being tlie result of sectioning. It does not appear 
that 5-per-cent, solutions of sugar exert iniicb, if indeed any, 
lowering action upon tlie protoplasm of intact organs ; at least this 
applies to uninjured .E^ZnJ<3«-plants botli in the dark and in dif- 
fused light. After three days the chlorophyll of leawes from 
specimens grown in sugar-solution may show slight tendency to 
apostrophe ; but this is not always the case by any means. 

On the assum])fion hy QJdorop'h.yll G-raim of jyrojile position with 
respect to the wall upon which they are placed. 

It becomes necessary to contest the correctness of another of 
Stahl’s views. He remarks^, d pi'opos of iElodea canadensis, that 
when the clilorophjll grains run together into clumps on ex- 
posure to direct sunlight, the greater number, especially those 
lying at the outskirts of the clumps, are tilted up so as to present 
their edge to that wmll of the cell upon which they are ranged. 
Stahl considers that this is brought about by spontaneous move- 
ment of the grain upon its own axis, its object being to save the 
grain from broadside illumination. Here, however, he is quite 
in error. It is, indeed, the fact that such set-on-edge grains are 
to be seen in the cells of jE^Zode«-leaves exposed to sunlight and 
high diffused illumination ; but I have never found any large pro- 
portion of the grains of a clump in this position, and with regard 
to those so placed, it is easy enough by careful examination to 
ascertain how the state of things was brought about. It has 
already been mentioned that, when leaves of Elodea are exposed 
for a few minutes to strong sunlight, one may often see tw''o 
grains start from opposite sides of a cell, run along the inter- 
vening bridge of plasma and clash, one of them turning upon its 
edge while the other remains upon its side, and that the grains 
are in this way enabled to pass each other. A grain thus forced 
upon its edge may either remain so until it reaches and glides 
upon the side-wall without shifting upon its axis, or it may 
strike another grain or group of grains, and in consequence either 
turn over broadside again or remain upon its edge, pressed 
closely against the obstacle. It is safe to affirm, therefore, that 
the grains which Stahl speaks of did not, as he thinks, sponta- 
neously turn on their edge (he does not profess to have seen 

^ Bot. Zeitung, 1880, p. 337. 

u2 
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siicli spontaneous movement), but assumed tbat position in con- 
sequence of abutting on tlie clumps. But, so far as my own ex- 
perience goes, this is due to local disturbances in the mass of 
protoplasm wMcli invests the grains composing the clumps, 
whereby abnormal pressnre is caused at certain points. Even 
were not this a matter of easy observation, Stahl’s doctrine is 
exceedingly questionable, for it might he ashed with reason why, 
if the end of the movement is to guard the grain from undue 
action of the sun, should it he restricted to a small percentage 
of the grains ? In fact, this edgewise position has nothing in the 
least degree peculiar about it, for a broadside grain in motion, 
when it reaches and strikes against the top of the wail at right 
angles to that upon which it has been moving, turns up on its 
edge just as would have been the case had it come in contact with 
a clump. Another instance of this is shown at fig. 14 (PL VII.), 
which represents part of a cell with protoplasm in vigorous rota- 
tion, the plane of the rotating stream lying, as sometimes occurs, 
at one point in the plane of the leaf instead of perpendicular 
thereto. In this ease, when the grain reaches the point where 
the stream runs broadside to the observer, it is forced away from 
the side wall and immediately moves upon its own axis tb rough 
an arc of 90°, reverting to the former position on again coming 
in contact with a lateral wall. 

Moreover, bearing upon this point is other evidence, less easy 
to collect, it is true, hut not less conclusive. The more slowly- 
moved grains of ordinary plants may frequently he found when 
they collect into clnmps set with their edge to the wall ; and by 
keeping preparations under observation for some time, it is no 
very difficult matter to determine that here, as before, pressure, 
and pressure alone, is the cause of this. Pigs. 11 Z>, g, show 
this ; they are taken from the prothallus of a fern, probably a 
species oi Adimitum. In the first of these • we see the grains in 
the left-hand cell, under the direct influence of the sun, making 
for the wall, which several of them have reached ; a second row 
abuts on the first, and has in ' consequence been forced to stand 
edgewuse, while a few outer ones are still on their face. In the 
next figure, drawn after the prothallus has been for half an 
hour in the shade, the tendency of the grains is to move from 
the side wall, and all but one of them have turned on to their 
face, the exceptional grain remaining w’edged in between its 
neighbours. Pig. 11 c shows the position of the grains after the 
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prottallus has lain in the shade two hours longer. Here the 
progress towards epi strophe is still more marked ; but the edge- 
wise grain has not yet obtained sufficient room to' permit of its 
turning face-up. Similar in every respect was the behaviour of 
the grains of Mtnaria Jiygrometrica leaves moving into positive 
apostrophe, and abutting upon their fellows which had already 
reached the wall (PL YII. fig. 12) ; as also those of Vamlieria sp., 
and in the long barrel-shaped cells of the leaves of Eclwveria 
metallim edge-set grains were seen many hours after withdrawal 
from direct sunlight (fig. 13). 

It must be remarked that in the cells of plants with slow- 
moving protoplasm it is much rarer to find edgewise grains than 
in those of Blodea ; this is only what would be expected when it 
is remembered that variations in pressure at different points of 
the plasma are necessarily less frequent and less violent in the 
former types. 

But the coti^ de grace is given to Stahl’s doctrine by the fact 
that the grains of darlcling plants may occasionally be found 
upon their edge. I have seen this in examples of Tllodea and 
Vallisneria set in the dark for several days ; and at fig, 10 is 
shown an edgewise grain in a clump massed in an epidermal cell 
of Fferis sermlata kept in darkness for three weeks ; this last 
period is, as has already been seen, sufficient to cause the apos- 
trophized grains of Fimaria Jiggrometrica to come out upon the 
surface-walls (negative epistrophe), in which position they can 
here and there be found tilted up on their edge, it being some- 
times possible to refer the peculiarity directly to the effects of 
pressure exerted by surrounding grains (fig. 4). The negatively 
apostrophized grains of higher plants may also sometimes be 
found in profile in places where they abut upon their fellows. 


The Law of Fosifive Frogresmoii. 

It has before now been noticed*- that tbe grains of a plant 
brought out of darkness into diffused , light more quickly pass 
into epistrophe than they do into apostrophe when removed from 
diffused light into darkness. This rule I find to be, so far as 
my experience goes, of universal application ; and not only so, 
but the fact is but a part of what seems to be a. general law. 
Not merely is it true that more time is required to induce nega- 

^ First by Borodin, in 1867. 
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Weak sunlight was employed in these cases. t Cells at the apes of the midrib require less time. t <3rrmnB nmssed in 18 hours. 
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tive apostrophe from epistropbe than mee mrsd^ but the assump- 
tion of epistrophe from positive apostrophe is slower than that of 
positive apostrophe from epistrophe. Moreover, it always takes 
less time to bring about positive apostrophe from epistrophe than 
epistrophe from negative apostrophe, and epistrophe from posi- 
tive apostrophe than negative apostrophe from epistrophe. This 
may he expressed in a general way by saying that as an advance 
is made towards the positive end of the photrum, the correspond- 
ing movement of the chlorophyll is performed with more despatch, 
while the reverse is the case in proceeding towards the negative 
end. This it is proposed to call the “Law of Positive Pro- 
gression.’’ 

The accompanying Table (p, 234i) contains ail the information 
upon this subject I have been able to collect. It will be seen that 
three classes of types are included, viz. aquatics, shade-loving 
aerophytes, and ordinary plants. Compared with these last, 
aquatics require a relatively enormous period to fulfil the condi- 
tion expressed in column 1, and in this point shade-lovers greatly 
resemble aquatics. The same may be said for column 2, but the 
difference here is less. With regard to column 3, had sunlight 
of good quality been used for inducing apostrophe in the aquatic 
types, the times in their cases would have been much shorter 
than those required by the rest j but it was thought advisable 
not to use the highest light with them, in order the more dis- 
tinctly to emphasize the Law. The reason for the large intervals 
of time which appear in the lower part of the Table is that the 
determinations were made on the short ISTovember days, when, 
until nearly noon, the chlorophyll is imperfectly epiatrophized 
and microscopic examination is practicable only for a few hours 
thereafter. It should be added that care was taken to eliminate 
heating effects by the frequent pouring of cold water over plants 
whose chlorophyll was in process of positive apostrophization. 

Some Fomts in the Botation of the Frotoplimi qf Elodea and 
Vallisneria, 

In speaking of photolysis in Modea^ it was pointed out that 
the chlorophyll of the upper is more readily apostrophized than 
that of the lower layer of cells ; the same thing is to he said with 
respect to rotation f. It matters not in what position a leaf be 

^ Sometimes on dark days the grains do not move into epistrophe at all. 

t This is noticed by Frank {I c. p, 240). 
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placed, wlietlier tlie upper layer receive the first impact of light 
or vice versa, provided that the leaf he healthy, rotation is more 
rapidly set up in the cells of that layer. The statement is also 
true, as is well known, of pieces of Vallimeria-le^f, whether slit 
down longitudinally or not, only here the area of readier disturb- 
ance is that occupied by the large cells, many times longer than 
broad, which are found beneath the surface. In the ease of 
Mo (lea photolytic difibrence between the two layers was held to 
be largely due to diiference in the tone of the protoplasm with 
regard to light, because other possible causes of discrepancy, 
such as variation in the relation between protoplasmic momentum 
and number and size of chloropbyll grains, as well as in the form 
of the cells, were here absent ; and I am disposed, for want of a 
better, to extend this idea so as to embrace the facts of rotation 
in this type. But it seems certain that the notable difference in 
the form of the small outer and the much longer inner cells of 
Vallisneria must exert some infiuence upon rotation. Eor the 
stream of protoplasm, slowly moving along the side of a long 
cell, will not only undergo the diminution of its velocity con- 
sequent on turning a corner less frequently than must necessarily 
happen in a small cell, but the uninterrupted flow of the stream 
down a long side will enable it to acquire sufficient momentum 
to carry it round a corner sooner than would be possible in a 
small cell Besides this, it must be remembered that there is 
relatively less chlorophyll in the inner than in the outer cells, 
and, consequently, less inertia to he overcome by the protoplasm. 
These considerations are, perhaps, applicable without reserve to 
the long narrow midrib-cells of jS/?odm-leaves, in which rotation 
sets in a little sooner than it does in the surrounding tissue f ; 
but the very great diversity in this respect hetw^een the large 
and small cells of ValUsneria would seem to denote a difference 
in the tone of the j^rotoplasm as being, perhaps to a less extent 
than in Modea, contributory to the phenomenon in question. 

It is well known thatrotation in detached leaves of Modea can 
he stopped by their removal to darkness ; hut wliat has not been 
explained is the varying length of the time required to bring 

* Yelten has shown that the protoplasmic stream tends to flow in the direc- 
tion of least resistance (see ‘ Flora,’ 1873, p. 87). 

t It is worthy of mention that positive apostrophe is more readily induced 
in the lung narrow cells of the midrib of leaves than in the cells of the 
lamina. 
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about stasis. Two leaves, similar in all respects apparently, may 
be illuminated under precisely tbe same conditions ; yet in tbe 
one rotation may still be in progress some time after its cessation 
in tbe other. ISTow it is admitted by every one that rotation is 
merely a sort of exaggeration of photolysis ; consequently tbe 
pbototactic doctrine previously advanced in this memoir with re- 
ference to tbe latter will apply in every way to rotation wliicb, 
when in progress, proclaims that the apostrophizing factors have 
triumphed over the epistrophizing ones. What are the factors 
favouring apostrophe and rotation apart from the form and 
chlorophyll-contents of the cell ? Obviously (1) the strength of 
illumination, because the more to the right of the positive 
critical point the plant is set in the photrum, the more rapidly 
will rotation ensue ; and (2) any lessening of the capacity of the 
protoplasm to resist the motile agency of light upon it. If, 
therefore, illumination be identical in the two I!lodea-len,wGH, an 
increase in the time of recovery from rotation must depend upon 
difference in protoplasmic tone ; and it is clear that the higher 
the tone, the less is the advantage gained by tbe apostro- 
phizing forces over those which make for epistrophe j so that, 
as the motile effects of light soak out in darkness, stasis — or 
rather a condition near stasis signalized only by the slight 
movement whereby chlorophyll is epistrophized — must, other 
things equal, sooner supervene the higher the tone of the pro- 
toplasm. 

In fact, the protoplasm varies in tone to a very great degree. 
As an instance, the cells in the neighbourhood of discoloured 
spots of Modea-leaves are instructive. The spots referred to are 
small discolorations affecting one or a few cells, the cell- sap, and 
apparently the protoplasm, of which are turned dark brown, red, 
or purple, the chlorophyll grains remaining in epistrophe, where- 
from they cannot be moved by light. It would appear that these 
cells, which are of common occurrence, have been injured by 
small aquatic creatures or in other ways. The facts about to be 
described are so universal that they can have hut one expla- 
nation. If an Ulodea-leai with one or more discoloured spots 
be cut off a plant growing in low light and set in good diffused 
illumination, or in the sun’s rays, the cells in the neighbourhood 
of a spot will have their grains in apostrophe at a time when 
those of remoter cells will still be, for the most part, upon the 
superficial wall ; and before tbe running together of the grains 
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upon tie surface-wall ias ceased in tie latter, in tbe former 
rotation will be well establisbed. Moreover, bad tie leaf been 
set in ligit just sufficiently strong to apostrophize the ciloro- 
piyll of tie remote cells witiout inducing rotation in them, tics© 
near tie discoloured spot would iave bad tieir protoplasm in 
rotation ; and if tie quality of tie light had been somewhat 
poorer, so that the epistrophe of the remote cells was not inter- 
fered mth, the cells near the spot would have been the theatre of 
apostrophe. This latter fact was referred to on p. 218, and illus- 
trated in diagram 3 ; and if tie explanation there given be sound, 
namely, that the proximity of a dead cell tends to diminish the 
vitality of protoplasm and consequently to increase its sensitive- 
ness to light, it will not he less sound when extended to the other 
facts, which are of a closely allied nature. Thus we have a 
strildng confirmatiou of the idea that rotation is but photolysis 
in a more violent form; and, moreover, the previously urged 
modification of Trank’s notion that (abnormal) apostrophe is 

a symptom of diminished vital energy” is seen to apply to 
abnormal rotation also. 

Rotation is well known as more readily setting in at the edge 
of JSlodea-lQBNeB than in the lamina^. This I am inclined to 
attribute to the early decay of the cells which project from tie 
lamina to form tie teeti, by wiici means tie edge becomes a 
zone bordering on dead or dying cells — that is, a zone of abnormal 
rotation. 

On p. 226 it is stated tiat poisons cause apostrophe to set in 
more readily than under normal circumstances; tiey play tie 
same part in respect of rotation. Tims if healthy Modea-'^lmt^ 
with epistropiized grains be placed in a solution of ferrous 
sulphate not strong enough to induce plasmoiysis, many of the 
cells of still-attached leaves will have their protoplasm with all 
tieir chlorophyll grains in rotation within twenty-four hours, and 
within forty-eight hours rapid rotation will be general. This is 
true not only under positive conditions, but iiuder negative also, 
removal to complete darkness immediately on placing specimens 
in ferrous sulphate sufficing to bring about rotation. Whether 
this is more quickly effected in darkness than in light has not yet 
been determined ; though the few experiments which I have been 
able to make tend, upon the whole, to show that such is the 


* Usually the protoplasm of the midrib-cells enters earliest into rotation. 
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case, but to a limited extent only. The reason for this seems 
to be as follows. In the darkling plants the early setting-in 
of rotation is favoured by the lowering of the protoplasmic 
tone by darkness and by the poison ; opposed to this is the 
stored-up and only slowly-soaking-out action of light tending 
to maintain epistrophe. The lowering effect of the poison is, 
in the illuminated specimens, operant to the same degree as 
before, and it is reinforced at night by the action of darkness ; 
but during the daytime this latter action is, if the light be 
not too strong, exchanged for the epistrophizing tendency of 
medium diffused light. It is clear that the light used must not 
be too intense ; otherwise, instead of favouring epistrophe, it will 
take part in driving the protoplasm and chlorophyll on to the 
lateral walls, which it will be enabled more easily to do from the 
lowering in its tone experienced bj the protoplasm as a conse- 
quence of poisoning. It was perhaps from experimenting with 
light of too high quality that in some cases no appreciable differ- 
ence could be detected in this matter betw^een darkling and ex- 
posed specimens ; but I hope to obtain further information upon 
this point. It usually happens that the death-stasis, into wdiich 
rotation from poisoning passes, ensues more rapidly in darkness 
than in light ; this is only what would be expected, seeing that 
rotation from poisoning makes an earlier appearance in the dark, 
in addition to wdiich the absence of light is a factor favouring the 
cessation of vitality. 

The analogy of the epistrophic may be applied to the construc- 
tion of a cyclolytic ” interval, the left-hand end of which will be 
very near to the positive critical point, without actually reaching 
it however, because, in poor light of just the requisite intensity, 
it is possible to apostrophize the chlorophyll of Modea without 
any rotation supervening even after several hours. Towards the 
right the cyclolytic interval will extend as far as that degree of 
concentrated sunlight at which the movements of protoplasm 
are arrested. Moreover, the extent of the interval will vary with 
the protoplasmic tone, any lowering of which will be accom- 
panied by the former’s leftward development : it will also depend 
upon the position of the cell ; thus the interval of the upper cells 
of Ulodea-lemes will extend further to the left than will that 
of those of the lower layer. 
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Tlie Mffect of Sectioning on 'Rotation, 

Frank ^ lias ascribed rotation in its best exhibited form to the 
sectioning which is usually practised in order to see it. This idea 
is quite erroneous ; for not only can protoplasm be set in rota- 
tion without any injury to the plant, but under certain con- 
ditions sectioning can be practised without rotation following ; 
that is, the result can ensue without the intervention of the 
supposed cause, which latter does not necessarily carry rotation in 
its train. 

As an instance of the way in which wrong notions upon this 
subject can be generated, tbe following experiment may be cited. 
Longitudinal and ti*ansverse sections of neighbouring Modea- 
leaves were divided into four sets ; two were mounted in water 
on a glass slide and covered with cover-slips, two placed in shallow 
vessels filled with water. One from each of these two was imme- 
diately removed to darkness, the others being brought up to a 
window on a dull August day, temperature in both cases 66‘^*5 E. 
Examined an hour later, tbe temperature at the window having 
meanwhile risen to 67% it was found that rotation was fairly 
general over the illuminated portions of leaf, and was well estab- 
lished in the cells on the section-edges of the darkling ones. The 
inference from this was obvious : it was only when attention was 
paid to the fact that in the neighbourhood of discoloured cells of 
the darklings vigorous rotation had set in, there being spaces of 
quiescent protoplasm separating the disturbed areas fx'om each 
ofcher and from the cut edge, that the existence of some cause for 
rotation other than mere sectioning was suspected ; otherwise, 
why should the areas of disturbance be scattered, seeing that on 
the section hypothesis rotation should appear first at the section- 
edge, and progress therefrom uniformly over the leaf ? 

In fact, it usually happens that J57Zo^?m-leaves sectioned longi- 
tudinally, transversely, or obliquely, within an hour of the opera- 

Pringsheim’s Jahrb. f wiss. Bot. Bd. viii. So anxious was Eimk to 
empbasize the effect which preparation has upon rotation, that although he 
observed rotating protoplasm in the internal cells of uninjured VaUismna- 
leaves, he maintains that this form of rotation differs from that which ensues 
upon sectioning, inasmuch as only a few of the chlorophyll grains are carried 
into the stream. Had he allowed more time and used better light, he would 
have found this alleged difference to be purely imaginary. 
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tion liave some, at least, of tlieir cells at tie section-edge witi 
rotating protoplasm, even if the plant furnishing tliem ias been 
growing in low ligit, and tie light by tie aid of which tie section 
has been made has been only sufficient to just see by. A large 
number of experiments were made upon this point ; but tie 
amount of rotation which declared itself after a given interval 
varied to so extraordinary a degree, that I was for a long time 
completely baffled for an explanation. In one case the edge of 
a section would show only faint signs of rotation, which in another 
from a neighbouring leaf was well established the whole length 
of the section, while a third would he in an intermediate con- 
dition. It was only after grasping the idea that negative rota- 
tion, like negative apostrophe, is the expression of the preponder- 
ance of the unexhausted or potential effects of light over the 
tonicity of the protoplasm, that the mystery appeared to he 
solved. Eotation at the section-edge was then seen to result in 
precisely the same way as that around dead cells, the operation 
of sectioning destroying the cells at the edge, which then act the 
part of discoloured cells as depressors of the vitality of their 
neighbours’ protoplasm. The variations in the amount of rota» 
tion* were now seen to be due either to initial difference in the 
quality of the protoplasm in the cells abutting on the section, or, 
what amounts to the same thing, to the presence of one or more 
dead cells along or near the sectioning line. 

But it has been said that a leaf may be sectioned without rota- 
tion being set up in the cells at the section-edge j and if the 
doctrine here advanced he sound, it is obvious that this might 
well happen. For suppose the potential effect of light to be 
equal in two cases, it might be surmised, and surmise would 
be borne out by experiment, that rotation will first he estab- 
lished in that ease w'here the protoplasm is of poorer quality ; 
and in the other it might happen that rotation will not appear at 
all, because the protoplasm would he so highly toned as to be 
able to resist the tendency of sectioning to bring it down to the 
required point. Successful resistance to rotation upon section 
should, then, be met with in uninjured leaves immediately after 
their removal from healthy plants growing under the most favour- 
able conditions ; in fact, these are the only leaves which have been 
found capable of resistance. Thus, in one experiment, a leaf was 
cut off a vigorous plant removed a few hours before from a large 
pond, and kept in low light meanwhile. This was at 10.40 a.m. : 
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and at 2.20 p.m., on removing the two sections from darkness, no 
rotation at all was observed in one portion, and in the other only 
in the immediate neighbourhood of a discoloured spot near the 
margin, hut far away from the section-edge, and in one cell near 
the base close to a purple discoloration of the cell-sap^. That 
sectioning had lowered the protoplasmic tone was evident from 
the fact that the chlorophyll in the cells upon the section-edge 
was for the most part in apostrophe, epistroplie of course pre- 
vailing elsewhere. 

Moreover, rotation at the section-edge can be stopped by 
wdtlihoiding light. In a piece of leaf with rotation in the edge- 
cells set over-night in darkness, quiescence may be established on 
the following morning, but frequently a longer time is required. 
This is only what would be expected; for tbe condition of 
equilibrium between the tonicity of protoplasm and the 
cyclolytic action of light which has been upset by sectioning 
would tend to be restored when the direct access of light is 
prevented. 

With respect to Vallimeria^ I have not found that sectioning 
is not necessarily followed by rotation in the large inner cells of 
the leaf, even if the utmost care be taken to protect the leaf from 
undue illumination during sectioning. There are two causes for 
this failure : oue is that the F^ZZm^^rf^-plants obtained of the 
dealers, growing as they do under artificial conditions, cannot he 
in a very robust condition ; the other seems to reside in the form 
of the cell and in the relatively small size of the chlorophyll 
grains — ^both circumstances favourable to rotation, as has already 
been mentioned. This question can be decided only by an appeal 
to healthy plants growing in their native haunts. 

But whatever doubts Vallimeria may cause as to the error in 
Frank’s doctrine, that error is plainly manifested wlien the proto- 
plasm of intact organs is set in rotation. In view of the ease 
with which this can be done, it is astonishing that incorrect 
notions should have prevailed so long upon the subject f. More- 
over, rotation without injury is similar in every respect to that 
which follows upon sectioning, as the following experiment, 

^ It should not be forgotten that the leaves must be cut in very low light ; 
in the above and similar experiments the room was darkened by drawing down 
and shutting close a Venetian blind at the only window. 

t Frank describes rotation in old and apparently intact leaves af Mlodea^ 
See also footnote on p. 240. 
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among others, will show. An Modea-^l 2 iixt was placed in a moist 
bag, its tip only protruding. The bag having been fixed to a 
cardboard frame, one of the leaves at the tip was spread out in 
water on a small glass stage fixed in a hole in the cardboard, and 
covered with a thin cover-slip. The leaf was then arranged on the 
microscope-stage so as to be illuminated by the mirror ; and in 
half an hour rotation had set in. At 2.30, fifty minutes after 
beginning the experiment, the bag and its contents were removed 
to the dark ; and at 6 o’clock that evening the protoplasm was 
slowly rotating. At 8.40 next morning there was still faint rota- 
tion near the apex of the leaf ; but by 12.45 on the day after 
complete quiescence had supervened. A still more satisfactory 
observation — in that temperatures were carefully noted — is the 
following. An Ulodea^-plmt was placed in a shallow vessel nearly 
filled with water, set on the sill of a window facing north. At 
midday the protoplasm was in slow rotation, the temperature of 
the water being 57° F. ; and the vessel was now set in darkness 
in a south-facing room. Examined at 8.40 p.m., the tempera- 
ture of the water being now 63° E., rotation had stopped, and the 
grains were in epistrophe. Kext morning the vessel was replaced 
on the north side of the house, and, rotation having been induced, 
removal to darkness was effected at 2.30 p.m. ; at 6.15 the same 
evening rotation had ceased except in one cell of the midrib, in 
which it was very faint — temperature in both light and darkness 
65° E. 

It is unnecessary to dwell more upon this point ; hut some in- 
vestigations, of which Vallisneria was the subject, may here be 
detailed. A young ValUsneria-^l^jxt which had been kept for 
several days in a vessel placed in low light, and showed no 
trace of rotation, was removed on a dull August day to a small 
glass jar containing water, in which it was totally immersed, 
and brought up to poor diffused light, undergoing less than 1° 
variation of temperature by the process. When observed two 
and a half hours afterwards, rotation was found to have been set 
up in the large internal cells The jar was now (3.15 p.m.) 
removed to the dark chamber, and rotation was ascertained to be 
in progress throughout the following day ; but at 5 o’clock in the 

* This was observed by focussing through the superficial tissue— not a dif- 
ficult task by any means. The grains were carried along in the protoplasmic 
stream just as happens upon sectioning. 



244 


ME. S. LE M, MOOEE’S STUDIES 


afternoon of tJae third day all movement had ceased. Light was 
then admitted until the protoplasm recommenced to rotate, 
when the agency of darlmess was again invoked, after which 
stasis again set in. The process is, in fact, capahle of apparently 
indefinite repetition. 


^relminarij Stii^d^ of the Infli&enee of Light upon Motation, 

The many points of agreement between photolysis and rota- 
tion render very noteworthy the dictum of Hofmeister^y that 
increase in the intensity of light does not markedly accelerate 
protoplasmic movement. The interest accompanying this state- 
ment, which is not pronounced affirmatively against hy either 
Sachs t or Pfeifer t, is discovered when account is taken of its 
direct contradiction to another statement, easily verifiable, with 
respect to photolysis, viz, that the further a plant is placed in the 
photrum to the right of its positive critical point, the more rapidly 
will its chlorophyll be apostrophized. Moreover, it has been 
seen that the higher the illumination to which an LlodeaAQ^i 
with epistrophized chlorophyll is exposed, the sooner will rotation 
ensne in its cells. If, therefore, the inception of rotation is 
governed by tbe intensity of light, its continuance ought to be 
affected by tliat agency. 

In experimenting on this subject there is one matter requiring 
careful attention. In order that the effect of enhanced ilhimina- 
tion may be brought into view, it is necessary that the rotating 
stream be moving at a rate much below the maximum j if its 
speed be great, very little, if any, acceleration will ensue in higher 
light, because, just as a definite quantity of work and no more 
can be got from a machine, so only a certain velocity can be im- 
pressed upon protoplasm. It is this capital point which has been 
overlooked by all experimenters. So far as tbe after-mentioned 
observations made with it in view go, a marked acceleration of 
rotation takes place in light of improved quality. The way in 
which this kind of experiment is usually conducted may be 
instanced as follows. Upon a September afternoon, tbe tempe- 
rature of the room in the shade being 70° P., rotation was well 

^ * Pilanzenzelle/ p. 49. 

t * Vorlesungen/ Chapter srsv. 

J ‘ Pflanzenphysiologie/ ii. p. 388. 
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set up ia an MlodeaAedi^ plucked off two liours previously, and 
exposed meanwliile to medium diffused ligkt under a cover-slip 
upon a glass slide. At this time the side of a marked cell 
was traversed by the rotating stream in an average of thirteen 
seconds. The leaf was then brought up to direct sunlight, care 
being taken to prevent rise of temperature by constantly irri- 
gating it with cold water at the temperature of the room. After 
ten minutes’ direct insolation, the side of the cell was still traversed 
in thirteen seconds, thns indicating to all appearance that en- 
hanced illumination does not quicken the rate of movement. But 
the facts may be at least as well explained upon the supposition 
that the indicated rate of movement is the maximum possible at 
the given temperature — a supposition backed by the two follow- 
ing results obtained from Mocha, Both w'ere made on days 
favourable for the purpose, chequered by rapidly alternating high 
and low lights. A day with pleiitj? of wind driving along large 
masses of white and neutral-tinted cumulus cloud over tracts 
of sky occasionally revealed should be selected for this expe- 
riment. 


I. 


Time. 

Light. 

Temperature. 

Side of 
marked cell 
traversed in 

4.25 p.M 

Bather poor, some 
heavy clouds just 
passed over. 

64° P. 

3)- i ees. 

4.35 p.M 

Light much better. 

C)4° P. 

24 seconds. 

4.45 p.M 

Still furtlior im- 
provement in light. 

64° P. 

20 seconds. 

4.55 p.M 

Somewhat poorer, 
rather dark clouds 
passing over. 

640 pi. 

25 seconds. 

5.5 p.M 

Improved, the S.W. ! 
side of passing 
clouds brightly lit 
up. 

64° *5 P. 

20 seconds. 
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No. II. 


Time. 

Light. 

Temperature. 

Side of 
marked cell 
traversed in 

12 o’clock 
12.15 „ 

1 

Fairly good, heavy 
black, clouds just 
passed over at 

12 o’clock. 

64° -8 F. 

25 seconds. 

12.80 „ 

12.45 ., -i 

1.0 1 

i 


Listincfc improve- 1 
ment in light, | 
wMch was of ap- j 
proximately the 
same average in- 
tensity at all three 
: periods. 

1 

640*8 F. 

20 seconds. 


It will be understood that in neither case was the rotation 
allowed to approach its maximum. No. II. shows the equability 
of the stream under continued similarity of illumination. 

The facts upon these tables can be Terified without great dijBB- 
culty ; but with the Gliaracem it is different. The slowing of 
the protoplasmic stream in this group on withdrawal of light was 
studied half a century ago by Dutrochet who found that in 
the old parts rotation had become slow by the eighth day, and had 
ceased by the sixteenth f; while in young parts cessation super- 
rened by the twenty-fourth, or at most the twenty-sixth day, by 
which time etiolation had set in. Dutrochet regards the stop- 
page of the stream as an effect of asphyxia ; and if his dark 
chamber was a small and hermetically sealed one, this might well 
have been the ease. My owm experience is different j for I have 
placed fora month, and even six weeks, in a large dark cupboard 
small pieces of Ohara mdgaris, containing at least one imcorti- 
cated iiiternodal cellf with two or more uninjured nodes, without 
causing complete stoppage of the stream, although the diminu- 
tion of its velocity after the above period was very evident. In 
order to bring this diminution clearly into view, the specimen, 
immediately on removal from darkness, was set in water on a 
glass slide, the light employed for this purpose being only just 

* Comptes Eendus, sxsni, p. 777, and Ann. d. 8c. Nat. s6r. 2, ix. 
(1838). 

t By an oversiglit, “ sixieine” is put for *‘seizieme” in describing this. 

f Such uncorticated cells are well known as of rare occurrence in Cham. 
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good eiiougli to Bee by ; it was then examined, uncoyered, with a 
Hartnack’s No. 7 objective, tlie time taken by a plastid or group 
of plastids in tlie centre of tbe stream to pass over a diameter of 
tbe field of view being rapidly noted. It only remained then 
to repeat the observation as often as necessary. The following 
were the chief results obtained with Ohara vulgaris. 

No. III. 

(Specimen placed in darkness August 10th : examined 
September 10th.) 


Time. 

Diameter of field 
traversed in 

4.30 p.M 

40 seconds. 

4.32 p.M 

30 seconds. 

4.35 p.M 

15 seconds^. 

4.37 P.M 

12 seconds. 

4.40 p.M 

10 seconds. 


No further increase of velocity occurred. 

Temperature of dark cupboard 68° I?. ; of room 69°-69°*5 F. 

No. lY. 

(A month’s darkness as before j temperature of cupboard and 
room the same within a fraction of a degree.) 


Time. 

Diameter of field 
traversed in 

5.27 p.M 

65 seconds. 

6.32 p.M 

20 seconds. 

5.35 p.M 

15 seconds. 

5.40 p.M 

12 econds. 


Alter which there was no further increase. 

^ IiQimediately before noting this the blind was drawn up, causiiig great 
improvement in the light. 
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A tliird experinieat was made for tlie express purpose of 
ascertaining wlietlier a fallacy miglit not reside in tlie above. 
Seeing that Biitrocliet found tlie stream to be stopped by a little 
over tliree weeks’ darkness at tlie most, it is liigbly probable, if 
not certain, that in tbe specimens used above some slowing bad 
been effected in a month. Alterations in tbe speed of tbe cur- 
rent are introduced, as Dutroebet has shown, by shocks ; it 
seemed possible, therefore, that the shock experienced by the 
specimen hurriedly brought into contact with tbe glass slide 
might diminish the speed of rotation. Accordingly the pre- 
caution was now taken of shutting in the dark for several minutes 
prior to examination the glass slide upon which the specimen had 
been placed. 

The piece of Gliara milgarh was removed to darkness on Sep- 
tember 15th, and on October 30tb, after tbe treatment just 
mentioned (tbe temperature of tbe room being 62° E., of the dark 
chamber 01°'5 E.), on the first observation the diameter of the 
field was traversed in an average of 21 seconds ; 2 minutes after 
only 16 seconds were required ; 2 minutes after that 14 seconds j 
after another 2 minutes the space was moved over in 13 seconds, 
and in 11*5 seconds 5 minutes after the last determination. The 
specimen was now thoroughly irrigated with water at 61° E., the 
intensity of the light remaining constant ; and 5 minutes after- 
wards the speed had slowed somewEat, the diameter of the field 
being now traversed in 13 seconds. Erequent applications of 
water at 61° E. followed, the effect being to prevent auy slight 
change of temperature, to which alone the slowing just men- 
tioned wms to be attributed. Eive minutes after this was clone 
the normal rate was re-established, the field being passed over in 
11*5 seconds ; and this rate was maintained until the close of 
the experiment. 

Thus we see from Table III. that although there was a 
difoereiice of less than 1° between the temperature of the room 
and that of the cupboard, yet five minutes after exposure to light 
the stream was moving at nearly three times its former rate, and 
at four times ten minutes after. It is impossible to ascribe the 
whole of this increase to the slight difference in temperature 
between the room and the cupboard; and Table No. lY. plainly 
hears this out. Here, although there was no discrepancy of tem- 
perature, after only five mintues in light the rate of the current 
bowed no less than four-fold acceleration. It is submitted that, 



m YEGtETABLE BTOEOGY. 


249 


so far as tHs evidence goes, there is reason to support the con- 
tention that increase in the intensity of illumination does 
markedly quicken the speed of the rotating stream. 

On Negatim Rotation. 

One objection may be taken to the parallel drawn between 
photolysis and rotation. It might be urged, wnth justice, that if 
this parallel is a true one, it ought to exhibit itself under 
darkling conditions as well as in light. The chlorophyll of 
Mlodea or ValUsneria^ for instance, ought then, after apostro- 
phizing in the dark — provided, of course, that death have not 
ensued — to commence rotating round the cell ; so that just as 
high illumination and darkness are both inducers of apostrophe, 
so rotation should be the result either of an increase in the 
intensity of light or of its complete absence. I have not as yet 
been able to pursue this interesting subject far ; but the facts 
which follow show that a form of rotation, which may be called 
“ negative ” in distinction fium ordinary or ‘‘positive” rotation, 
— which, however, it precisely resembles — ensues upon prolonged 
withdrawal of light Moreover this might have been pre- 
dicated from the massing in its cells’ corners or arms which chlo- 
rophyll experiences when deprived of light, since it has been shown 
that such massing is a mechanical consequence of slow movement 
of the grains round the side-walls of the cell — in other words, of 
feehle rotation. 

In both the 'external and the internal cells of ValUsneriaAQo^'VQ^i 
after three months^ darkness, rotation may be observed, not 
indeed throughout the leaf, but at a short distance from its dying 
apex. At the apex the ceils are plainly dead, the protoplasm is 
quite motionless, and the small brown degraded chlorophyll 
grains are for the most part collected in little masses at various 
points. Below this comes a zone where the protoplasm carrying 
the small chlorophyll grains is in slower or quicker rotation. We 
have already seen that protoplasmic movement is more readil}^ 
set up in the large internal than in the external cells; this 

^ Pranb noticed that the protoplasm of Elodea plants kept seyeral weeks 
in darkness, and whose chlorophyll was in [negative] apostrophe, had passed 
into circulation ; but no grains were carried along by the streaming protoplasm. 
Thus he nearly discovered negative rotation ; and would undoubtedly have done 
so had his exx^eriments continued a few days longer. 
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applies, to a certain extent, to negative rotation, as movement 
can nsually be traced in tlie internal cells a little fiirtlier towards 
tlie leaf -base than in tbe external ones; and it frequently per- 
sists ill the external distal cells a little longer than in their iin- 
mediately underlying fellows, further down the leaf the chlo- 
rophyll is in more or less perfect apostrophe; hnt alter four 
months ‘in the dark, I have found rotation to be in progress 
throughout the greater part of the leaf. It sometimes happens 
that massing of the grains in the cell- corners preludes rota- 
tion. Closely similar results are yielded by EJoclea ; but I am 
not in a position to treat of this matter in detail. 

The time requisite to induce negative rotation may he curtailed 
by any agency whereby protoplasmic tone is lowered. Thus in a 
small piece of JElodea eorivsisting of three or four leaf -whorls 
rotatiou is set up weeks earlier than in intact plants. The most 
rapid way of lowering the tone is by poisoning the protoplasm. 
It is therefore not a surprising circumstance that, if an Modea- 
plaiit be placed in the dark in a weak solution of ferrous sulphate, 
rotation will supervene within forty-eight hours, and will con- 
tinue until the death of the cells. 

DESOBIPTIOjSF op plate vil 

(With the exception of No. 4, the figures represent the objects seen by the aid 
of Hartnack’s No. 7 objective, ocular No. 4, giving a magnification of 450 
diameters ; but the drawings are not strictly to scale.) 

Figs, 1 & 2. Mesophyll cells of EschscIioltMa califomica seedlings, seen from 
above : 1 , in diffused light ; 2, after remaining in darkness overniglit. 
Fig. 3. OmiUs AfctoseMa. Cell of mesophyll from leaf set in darkness for ten 
days, the large chioropliyll grains showing an evident tondoncy to 
apostrophe. 

Fig. 4. Prom Fimaria liygromarka. Cell of a leaf from a plant which hag 
remained a fortnight in very low light, the grains coming out from 
apostrophe to collect in the proximal end of the cell. The shaded 
grains came into view on further focussing : two of them (p, p) were 
in profile. 

Figs. 5 a & 5, Cells from the leaf-sheath of anmm twenty-two hours 
after its removal to darkness, mounted in water under a cover-slip 
meanwhile ; the chlorophyll has collected to a greater or less extent 
round the nucleus. 

Figs. 6 a, b, c. Massing of chlorophyll in a small piece of an Elodea-j)lmt 
kept in the dark about ten days ; «, fore-and-aft, 5, corner, and e 
nuclear arrangement. 
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Pigs. 7 a, h, c. CaUitriohe verna. Leaf-cells from a plant deprived of lignt for 
ten days : <2, from middle part of leaf, grains in sim|)le negative apos- 
trophe •, h and c, from near their tip, the effect of darkness now more 
pronounced, the grains having massed. 

Pig. 8. Eschscholtsia calif omica. Palisade-cells, seen from above after eleven 
days in the dark ; the grains are closely massed. 

Pigs. % a &[> h. Eschscholtsia californica. Palisade-cells, in section, after 
twelve days’ darkness ; the right-hand cell of fig. 9 5 is a mesophyli 
cell. 

Pig. to. Epidermal cell of the frond of Eteris serndata, showing the effect 
upon the disposition of the chlorophyll of three weeks’ withholding of 
light : a grain tilted up on to its edge by the pressure of its 

neighbours. 

Pigs. 11 a, hy G. A small portion of a prothallus of probably a species of 
Adiantumi a, grains moving into apostrophe under the influence 
of sunlight; b, commencing epistrophe after half an hour in the 
shade ; c, epistrophe still further ad\ anced, one of the grains in the 
left-hand cell still forced up into profile by its fellows. 

Pig. 12. Prom a Fimaria hpf/rometrica leaf set in sunlight, the grains making 
for the wall, which some have reached: p, a grain turned up on 
its edge after abutting on another already against tbe side-wall. 

Fig. 13. Part of a barrel-shaped cell from the leaf of Echci'cria metalUca grow- 
ing in low diffused light; two of the grains in the centre of the 
clump tilted up on to their edge. 

Pig, 14. Top of cell of an Elodca-letxi with rotating protoplasm : a’, grain about 
to change profile for broadside position. 


jSTote OB an Alga {Dermatojphyton radieans, Peter) growing on 
the European Tortoise. By M. 0. Potter, M.A., i'.L.S., 
Assistant Curator of the Uniyersity Herbarium, Cambridge, 

[Read 2nd June, 1887-] 

(Plate VIII.) 

The alga wMcli is the subject of this paper is found growing 
principally upon the dorsal surface of tbe carapace of the water 
tortoise {ClemmyB cas^ica), which inhabits the southern parts of 
Europe, and, by spending a great part of its existence in water, 
offers its back as a suitable nidus for algae. 

The alga appears to the naked eye as irregular but roundish 
dark-green patches which vary very much in size, often having a 
diameter of about a quarter of an inch, as at fig. 1, PI TUI. On 
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removiag a pateb and cutting sections in a direction perpendicular 
to tbe animal’s back, it is found to be composed of numerous 
ratber large cells arranged very close together and generally square 
in shape. Some of these cells are exposed to the action of the 
•water, and form a plate of cells a few layers thick, closely applied 
to the tortoise-shell, and others are found as wedge-shaped masses 
W’hicb penetrate into the shell. The cells of the plate whose free 
surface is exposed to the action of the water continually divide 
in directions perpendicular and parallel to the surface of the 
tortoise-shell ; the outermost layer continually forms zoospores, 
and so prevents the plate from becoming more than a few cells 
thick. The cells next to the tortoise-shell are closely adpressed to 
it, and individually have the power of penetrating into any crack 
of the tortoise-shell which may present itself to them. When 
an algal cell meets with a crack, it strives to penetrate into it, 
in doing which it opens the crack more and more and so pene- 
trates further in, and as it does so it divides first by a plane 
perpendicular to its direction of growth and then by planes 
perpendicular and parallel to this direction, and so forms 
•wedge-shaped masses of cells, as at a in figs. 2 and 3, which grow 
and penetrate in any direction in which they can force open the 
crack. Sections cut parallel to the anitiiars back show on the 
outside masses of algal cells where the thick ends of ■wedges are 
cut through {a^ fig. 3), and towards the centre sections of 
thinner parts of -wedges Q) and c, fig. 3). Thus a section through 
an algal patch similar to fig. 2, parallel to the animal’s back, 
w^ould be i^epreseiited by a drawing resembling fig, 3, 

If sections of tlie tortoise-shell and alga are allowed to remain 
in water for some few days, it is found that not only does the alga 
remain alive but continues to grow healthily. The cells exposed 
to the xvater continually form zoospores, wdiile the layers in con- 
tact with the tortoise-shell, since the surrounding pressure is 
removed, tend to grow out into filaments {a and 5, fig. 4). 
These filaments can he formed by any cells touching the tortoise- 
shell ; they have a very irregular shape, and the chlorophyll is 
always situated at the gro-wung end. 

As before mentioued, the alga is reproduced by means of zoo- 
spores which are formed from tke outermost layers of cells. The 
cell about to form a zoosporangium becomes flask-shaped, a kind 
of neck being formed, the contents of the cell dividing into a 
considerable number of zoospores, which have the usual pyriform 
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stape and are all exactly alike ; they swim about for a consider- 
able time and then germinate. Sexual reproduction has as yet 
not been observed. 

As regards the mode of life of the alga, from the fact that sec- 
tions separated from the tortoise can be kept alive for a consi- 
derable time, during which the cells can grow and produce 
zoospores, it would seem that the alga derives no nourishment 
from the tortoise ; yet the alga derives very great benefits from 
its mode of life, for the tortoise, though spending a great part 
of its time in water, is able to wander about from pool to pool, 
and thus conveying the alga with it, elFects its distribution geo- 
grapbically. Again, during dry seasons, when a pool of water in 
which a tortoise infected with the alga becomes dried up, the 
tortoise is able to migrate to another, and generally does so at 
night, and hides in the shade during the day ; in case it cannot 
find water in this way, the alga is kept alive by not being ex- 
posed to the heat of the sun. 'We must therefore at present 
regard the alga as an epiphyte, since at present the observations 
tend to show that no nourishment is derived from the tortoise. 

At present, since the sexual reproduction of Bermatopliyion is 
unknown, its proper place in the classification of the Algae cannot 
be assigned ; yet it evidently belongs to the Cliloi'opliycem, and 
most likely to the Ulmcecd^ in the family Confervoidese. 

The alga described in this paper was first given to me by 
Professor Moseley, who had discovered it upon some tortoises 
and who desired me to work out its life-history. I was unable 
anywhere to find a description of it, and referred it to Professor 
Boret and to my friend Mr. G-eorge Murray, of the British 
Museum, with a similar result. I delayed to publish a descrip- 
tion until I had found some mode of reproduction ; and with this 
object in view I obtained a grant from the "W orts Travelling Fund, 
and proceeded to Portugal in the summer of 1886. As soon as 
possible on my return, I read a paper before the Cambridge 
Philosophical Society, where I gave to it the name of ^piehm- 
mpdia hmtanica It was not until December 1886 that I found 
that Dr. Peter, of Munich, had published a mere description and 
had named the alga Dermatophyton radicam’^ on September 22iid 
of the same year. 

^ Proceedings of Oamb. Phil. Soe. vol. vi. pt. i. Nov. 8, 1886. 

t Bot. Centralbl. Band xsviii. 1886, p. 125 ; 8B. Versamml. deutseh, Naturf, 
u. Aerzte, Sept. 22, 1886. 
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DESCRIPTION OF PLATE VIII. 

Fig. 1. Portion dorsal surface of carapace of Clemmys easpica, bearing numerous 
patches of alga («:, a). 

Fig. 2. Section of tortoise-shell and alga in a direction perpendicular to animal’s 
back ; showing mode of penetration of alga («•) into carapace. 

Fig. 3. Section of tortoise-shell and alga in direction parallel to animal’s back ; 

showing at a, h, c sections through wedges penetrating the tortoise-shell. 

Fig. 4. Sections grown in water for some few days ; showing at a and b the 
lowermost cells growing into filaments. 


EuNai Japonici nonnblli: new Species of Japanese Fungi 
found parasitic on the Leaves of Folygonum multiflorum, 
Thunb., and Lycium cMnense, Mill. By Dr. Chables Spe- 
GAZZiNi and Toktjtabo Ito, F.L.S. 

[Read I6th June, 1887.] 

Some years ago my attention was directed to the observation 
of the structure and life-bistory of some minute fungi which 
are found parasitic on the leaves of Folygomm multiflorum^ 
Thunb., and Lycium chinense, Mill, growing abundantly not far 
from my residence in Tokio. The principal fungus infesting the 
former plant is Fuccmia polygonorum, Schleclitd., which, accord- 
ing to Frank is already known to attack many species of Foly- 
gomim,Bn6ha^^ F. Convolvulus, dumetonm, anda/«“ 

pliihium var. terrestre. Careful examination has, howeyer, shown 
me that more than two species of fungi are parasitic on the leaves 
of P. multifioriim, Thunb., and that some of the fungi under 
my observation were as yet undescribed. Consequently I placed 
some of my specimens at the disposal of my valued correspondent, 
Prof. C. Spegazzini, an excellent observer of microscopic fungi, 
of the Coiegia Provincia dela Plata, in the Argentine Eepublic, 
South America, for their systematic determination, which how- 
ever was delayed, as the specimens arrived during his absence on a 
journey of scientific exploration among the wild Indian tribes of 
Patagonia. His letter, sent to me since his return to La Plata, 
contained interesting information of what be has made out from 
the dried specimens ; from which it appears that of the three kinds 

* Frank, ‘ Erankheiten der Pflaiizen,’ 1880, p. 464. 
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of fungi found on P, multiflorum, Tlranb., two baye proved to be 
new, one of wMcb Prof. Spegazzini proposed to call Misarnim 
oidioide^ n. sp., wMle be has kindly honoured me by associating 
my name with the other, viz. PliylJmticfa Tohutaroi, Speg. 
Moreover, the fungus found on Lyeium cJiineme, Mill., forms a 
third new species, Ttibermlma japonica^ Speg. It may incident- 
ally be added that all the specimens sent to Prof. Spegazzini were 
collected by me in the middle of October 1883 ; and thus, in the 
case of 'FuGcinm polygomnm^ Schlecbtd., the stage of develop- 
ment represented is the TJredo-fovm, Since the microscopic 
fungi of Japan are as yet absolutely uninvestigated, I hope that 
the following short descriptions may not be without value in 
facilitating further researches on these plants. — [T. Ito.] 

1. Upedo POLTGOIIOEUM, DC. FI. Ft. p. 71. (Status stylo- 
sporiciis Puccinic^ polygonormn.) 

Ohs. Stylosporm ovoideae (20-27 X 14-15 mill.), pallide fulvse, 
lase minusculeque muriculatm, pedicello diffluenteparvnlo hyalino 
doiiatae. 

Hah. Ad folia viva Polygoni multijiori, Thnnb., Tokio. 

2. PxTSAEiUM oiBioiBE, Speg., nov. sp. 

Blag. MaculiB niillse ; mycelium ephipbyllum, laxissime diffu- 
sum, subpulveraceum, indefinitum, album ; hyphsc hyalinse, re- 
pentes, dense ramosm (f3-4 mill, crass.), hinc inde ramulis irregu- 
lariter subfasciculatis, rarius solitariis, utrinque non v. vix 
attenuatis (5-10x4-5 mill.), apice truncatis, 2-3 sterigmatibus 
papillgeformibns coronatis ; conidia fusoidea, leniter falcata, 3-5- 
septata, non constricta, ntrinque acuta, hyalina (30-50 x3”4 
mill.). 

Hah. Ad folia viva Polygoni multifiori, Thiiiib., Tokio. 

3. Phyllosticta Tokutaeoi, Speg., nov. sp. 

Blag. Maciilm sparsac, solitarim, irregulariter orbiculares, par- 
vnke (2-3 mill, diain.), centre pallescentes arescentes, areola sor- 
dide intenseque castaiiea, indehuita, latinseula ciuetse. Peritheeia 
paiica, promiimlo-exerta, globuloso-depressa (250 mill, diam.), atra, 
glabra V. subpapiliosa, ostiolo primo parnm manifesto dein lacero- 
dehiscente donata, coriacella contextu sinuoso-parencbymatico, 
olivacco-atro, subpellucido. Sterigmata iasciculata, obclavato- 
elongata (25 X 1-2*5 mill.), hyalina, monospora, continua ; stylo- 
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spor£e ellipticse t. OToidese, rectae v. tIx inseqnikterales ( 5-6 x 
2-2*5 mill.), Byalm^. 

Sab. Ad folia viva Polygom multiflon, Thunb., Totio, 

4. Tubeecflina japokica, nov. sp. 

Diag, Cupulse parvulse, bemispbaerico-appiaiiatsB, subpulve- 
racese, solitarise, sordide falveseentes (300-400 mill, diam,), areola 
parum incrassato-pulvinata, miniita, subfuscescente v. fulvescente 
iiisidentia ; sporse globose, erassiusculse, tunicatse, Iseves (7-8), 
fulvesceiiti-byalinas in sterigmatibns filiformibns subeoalescenti- 
bus (80-1*5 mill.) olivaceis aerogense. 

Sab, Ad folia languidaiycii cliinensis, Mill, Tokio. 


On a fnrtlier Collection of Ferns from West Borneo, made by the 
Bishop of Singapore and Sarawak. By J. Gr. Bakee, F.E.S., 
F.L.S. 

[Bead IGth June, 1887.] 

The present collection is supplementary to one on which I 
reported in VoL ssii. of the Journal of the Linnean Society, 
pp. 222 to 232, pis. 11, 12. All the species were gathered in 
the Sarawak district, some by Br. Hose himself and the others 
by his nephew*, Mr. Charles Hose, and a few by Mr. Forstennann, 
a collector who visited Borneo in the spring of 1886. The num- 
bers are Dr, Hose’s coliecting-nunibers ; those within brackets 
indicate the position of the new species in the sequence followed 
in our ® Synopsis Filicum.’ 

216. Matokia saemektosa, n. sp. ; sarmentosa, frondibus 
laxe pinnatis, piiinis 2-4-jugis linearibus simplicibns vel fnrcatis. 

Kiah, Sarawmk, Mr. Charles Sose, 

This is a very interesting novelty. It has precisely the friic- 
tincation of Matonia jpectinata^ but is completely different in 
habit. The main rhachis of the frond is very slender and quite 
naked, like all the rest of the plant. The pinnm are arranged on 
the rhachis generally in whorls of three or four at a distance 
from one another of 1^-2 inches, and are sessile and sometimes 
slightly confluent at the base. They are linear, from 2 to 4 
inches long, simple or forked, obtuse, rigid in texture, -1 in. 
broad, with rather indistinct simple or forked free erecto-patent 
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immersed veins. The sori are few in number, irregularly scattered 
over tlie back of tbe segments, with a flattened, mammillate, rigid, 
deciduous indusiiim, which falls away leaving a scar at the base 
of the stipe, and contains ten or a dozen sessile sporangia with a 
broad incomplete nearly vertical annulus. 

175. TbICHOMAKES niOITATUM, 8tc. 

176, 177. T. EiLicuLA, Bo?y. 

179 (#'). Dataelia (§HirMATA) pevjtatieiida, n. sp.; rhizo- 
mate gracili flrmo late repente, paleis lanceolatis castaneis, stipiti- 
bus segregatis strictis stramiueis, frondibus lanceolatis simpliciter 
piunatifidis rigide coriaceia glabris, pinnis brevibus linearibus 
obtusis crenatis, soris parvis submarginalibus, indusio semiorbicu- 
lari rigidulo. 

Mah, Sarawak, Mr. Charles Hose. 

Intermediate between D. ^^ectinata and B.^edata. Ebizome 
slender, wiry, epigseous, with a few ascending palese. Stipes 
stiffly erect, Ig-Sl in. long. Eronds 3-5 in. long, broadest at 
the base (l|-2 in.), narrowed gradually from the base to the 
apex, cut down to a narrow wing into numerous crowded spread-' 
ing primary segments, in. broad. Yeins distinct, erecto- 
patent, simple or forked. Sori terminal on the veins, 8-10 on 
each side of the central and lower pinnm. Indusium rigid, per- 
sistent, not more than | line broad. 

178. D. EEDATA, Smith. 

189 (16*). D. (§ LEucosTEaiA) nephbobioibes, n. sp. ; rhizo* 
mate late repente, paleis nigris X)iKformibus basi peltatis prredito, 
stipitibus elongatis nudis, frondibus magnis membranaceis oblongo- 
lanceolatis bipinnatifidis parce pilosis, pinnis lanceolatis sub- 
petiolatis, pinnulis multijugia pectinato-pinnatifidis basi conflu- 
entibus, venis in pinnulis copiose pinnatis, soris medialibus, 
indusio parvo reniformi. 

Niah, Sarawak, Mr. Charles Hose. 

Nearly allied to the Javan D. Hingii, Baker, lately figured in 
Hooker’s leones, tab. 1622. Bhizome firm, epigseous,-^ in. in diam.; 
pale^ fine, hair-like, spreading. Stipe stiffly erect, ^ ft. long. 
Erond 2-3 ft, long, 8-9 in. broad at tbe middle, green, hairy 
mainly on the rhachides of the pinnae, quite destitute of scales. 
Pinnae subpetiolate, the central ones 4-5 in. long, 1-1 1- in. 
broad, the lower rather smaller, all except the lowest euneate- 
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truncate on the lower side at the base. Pinnules very numerous, 
oblique, oblongo-Ianceolate, in. broad, cut halfway down into 
close ascending lanceolate lobes, Yeins one to each final lobe, 
with a small median sorus, with a glabrous reniform indusium. 

102. Batallia Lobbiana, Moore. Sarawak. Gathered before 
once only. 

185. D. SOLID A, Bw. A curious form, excavated by some 
insect between the veins, so as to look at first sight like an 
A^^lenmm. 

ISO. D. GEACiLis, Blume. 

181. D. PALLIDA, MeU. (D. Beccariana, Cesati), 

18-1. Asplenium tflcanicijm, Blume, A form receding from 
the type in the direction of the Ceylonese A. Wigldianum. 

183. A. EESECTUM, Smith. 

180. A. APEINE, Swartz. 

188. A. SCANDENS, J. Smith. 

187 (231=^). A. (§ Diplazixjm) cbinitiim, n. sp. ; stipitibus 
,robustis eloogatis cum rhachidibus ubique paleis laiiceolatis casta- 
neis crispatis vestitis, frondibusmembranaceis oblongo-lanceolatis 
bipinnatifidis vel bipinnatis, pinnis omnibus lanceolutis vel infi- 
mis oblongo-laiicaolatis piiin atis, segmeiitis liltimis parallelis ob- 
longis obtusis, venis copiose pinnatis veimlis ascendentibus 
furcatis, soris costaiibus ab segmentorum marginibus semper 
remotis. 

Mah. Mab, Sarawak, Mr. Charles Hose, 

The is the Asplemicm sorzogonense var. onajus of Hookei'^s^ 
Sp. Fil. vol. in. p. 252, founded on a single specimen collected by 
Mr. Hugh Low. The lower piunse in Dr. Hose’s plant are I ft. 
long, with largest pinnules 2 in. long and § in. broad. Besides 
being more compound than in typical sorzogoiieuse, it differs by 
its crinite rhacbis and stipe, and by the soil being confined to 
the inner half of the segments and not nearly so close nor so 
regular. The fully-developed oblong final segments are in. 
broad, and the lower veinlets are forked. 

190. Teiphlebia longifolia, Baher (Scolopendrum longi- 
folium, Fresl). Niah, Saraw^ak, Mr. Charles Mose. 
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197. AmDIUM MEMBEAI^TACEUM, Hook, 

198. A, EEPAEBIJM, Willd. 

191. E’epheobium ceassipoliem, Mooh. 

192. N. Aebusgula, Desv. A very large form. 

193. 'N. MOLLE, JDesv. A caudate subglabrons variety. 

195. N. (§ Sacieij^ia) Lobbii, Baker, Sarawak. Only gathered 
previously by Lobb. 

196 (207*), 17. (§SA6-EKrA) sfbdigitatitm, n. sp. ; stipitibus 
graeilibus dense ca^spitosis nigro-castaneis, frondibus parvis 
deltoideis glabris subdigitatis, segmentis 5-7 lanceolatis acuminatis 
repandis vel siibintegris, venis in areolis copiosis anastomo- 
santibus, soris irregiilariter sparsis, indusio firmulo persist ente. 

Kab, Mab, Sarawak, Jfr, Charles Mose. 

Allied to W, Lohbii, siibbipinnatum^ and irrigimm. Caudex 
erect. Stipes densely tufted, 3-4 in. long, witb a few spreading 
linear nearly black palese towards the base. Lower segment 
usually forked at the base ; end segment the largest, distinctly 
stalked, about 3 in. long, | in. broad at tbe middle, deeply re- 
pand, narrowed gradually to tbe base and apex. Distinct main 
veinlets not present. Sori not very small. 

174 (60*). PoLTPonixTM (§Pheoopteeis) siibaebobeitm:, n. sp. ; 
frondibus amplis deltoideis glabris bipinnatis, pinnis oblongo- 
lanceolatis, pinnulis lanceolatis, segmentis tertiariis oblongis 
obtusis crenatis, venis copiose pinnatis venulis furcatis, soris 
magnis medialibus biseriatis. 

Hob. Niab, Sarawak, Mr, Charles JBLose, 

A very large plant, witb naked polished light brown or 
stramineous rbacbides. Pinnae 1| ft. long, 7-8 in. broad at tbe base. 
Pinnules 1-1|- in. broad. Tertiary segments sessile, in, 
broad, erenate, witb copious ascending distinct forked veinlets 
and a long row of large sori midway between tbe midrib and 
margin. It is one of tbe largest and most compound of tbe known 
species of Bliegojgteris, In texture and in tbe size and shape of 
its final segments it resembles M, Bilix-mas, var. elongatwm, 

199. P. veeetjcostjm, Wall. 

200. P, Labeusca, Sook, 

212. P. Likotja, Sw. 
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201. POLYPOBIUM LrKaUJSEOEME, Mett. 

204:. P. NIGEESCENS, Blume. 

202. P. Bieteeis, JBlime, 

203 (352'^). P. (§DipTEEIS) QEIFQEEFLECATUMjll. Sp. j rllizo- 
mate repeiite epigjBO dense paleaceo, stipitibiis strictis nudis 
vaHdis elongatis, frondibus cuneatis rigide coriaceis 4-5-toties 
dicliotomiter fiireatis, segmenfcis lanceolatis acuminatis, areolis 
primariis qnadratis, soris 2-6 minutis. 

Hah. Biiilulu, Mr. Forstermann. 

Allied to P. UfuTcatum, but the frond four or five times dicho- 
tomously forked, with 18-20 lanceolate segments reaching a foot 
in length, above 1- in. broad. Main veins erecto-patent, in. 
apart, promiiientlj raised, connected much within the margin by 
a distinct cross-vein, each main areole thus formed containing 
usually 4-6 minute sori. 

215 (50*), G-imkogeamme (§Ceeosoea) ohetsosoea, n. sp. ; 
rbizomate breviter repente, stipitibus contiguis elongatis casta- 
neis nndis, frondibus parvis ovatis bipinnatis rigidulis glabris, 
segmentis uitimis obovato-cuneatis, steriiibus dor so nudis, venis 
flabellatis, soris copiosis confluentibus pulvere ceraceo aureo 
copioso intermixtis. 

Rah. Builulu, Sarawak, Mr. Forsfermann ! 

This appears to form a section connecting Fiigymnogramme 
with Geropterls^ for although the barren fronds are quite naked 
beneath, the fertile ones have a copious golden waxy powder 
mixed with sori. The slender naked castaueous stipes reach a 
length of about 4 inches in the sterile and 6 in the fertile frond. 
The frond is 3-4 in. long, moderately firm and rather rigid in 
texture, turning brown when dried. The lowest pinnae are much 
the largest and most compound. The cimeate acute or obtuse 
final segments are xV“8 t)road. The confluent sori cover 
nearly the whole breadth of the fertile segments, but do not 
reach the tip. In general habit it most recalls G. lepto;pliylla 
and clmropligUa. 

206. G. INTOLIJTA, Hooh. 

205. G. CAETiLAaiUENS, Baker. Banting, Sarawak. Only 
atliered previously by Dr. Beccari. 

207. G. liiACEOPHYLLA, Hook. 
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208 ( 71 ^). GTMKOaEAMME (§ SelLTGTTBA) CAMPYIiOU^EUEOIBESj 
11 . sp. ; rMzomate late repente, stipitibus segregatis brevissimis, 
frondibus simplicibus oblongis rigidulis glabris ciispidatis ad basin 
longe atteniiatis, venis primariis erecto-patentibns, venulis trans- 
versalibus primariis regulariter parallelis, soris in lineis inter- 
raptis inter venis primariis uniseriatis. 

Hob. Sarawak. 

EKizome woody, in. in diam. ; palese small, lanceolate, dark 
brown. Eronds 8-9 in. long, 2-g— 3^ in. broad at the middle, 
narrowed very gradually to tbe base, moderately firm and ratlier 
rigid in texture, quite glabrous. Main veins very distinct, 
in. apart, regularly produced from tbe midrib to the margin, 
with distinct arching cross veins, enclosing each several areolsB 
with free included veinlets. Sori in single interrupted rows 
reaching all the way from the midrib to the margin. Allied to 
Gr. membranacea and macro'pliylla^ Hook. 

209. AjS-teophtum eetictjlattjm, KauJf. 

194. Acbostichtjm (§ Stenosemia) aijeitxjm, Bw, 

211. A. ELAGELLIEEniTM, Wall. 

213. A. axtreum:, L. 

210 (93=^). A. (§ Gtmfopteeis) oligodicttok, n. sp. ; rhizo- 
mate breviter repente, Iron dibus steriHbus lanceolatis rigidulis 
glabris stipitibus brevibus, venis pinnatis, venulis saspissime 
bijogis vaide ascendentibus infimis apice anastomosantibus, fron- 
dibus fertiiibus linearibus, stipite elongate. 

Sab. Hiab, Sarawak, Mr. Charles Hose, 

Stipes of sterile fronds 2-3 in. long, naked, pale brown. Ste- 
rile frond 8-9 in. long, in. broad at tbe middle, narrowed 
gradually to the base and apex, rather rigid in texture, quite 
naked. Veining of Ne^hrodium, only the lowest veinlets of the 
groups joining at the tip. E ertile frond linear, under ^ in. broad, 
with a stipe 6-8 in. long. Habit of AcrosticJium simplex or 
lineare. 

214 . A. (§PHOTi]S-orTEEis) EiGinuM, Wall, 


ElKN. JOHEN. — BOTAHX, von. XXIV. 


Y 



262 


MB. 3. B. TAIZET ON THE ANATOMY AND 


On tlie Anatomy and Development of the Sporogonimn of the 
Mosses. By J. Eexnolds Yatzey, B.A., St. Peter’s Coll., 
Cambridge. (Communicated by S. H. Vines, P.L.S.) 

[Eead 20th January, 1887.] 

(Plates IX -XII.) 

I. POLYTEICHACE.®. 

i. Inteodtjction. 

The work, of which this is the first instalment, was undertaken 
with the view of showing that the Mtcscinece are not separated 
from the Vascular es (Pteridophyta and Phanerogamia) by so 
great a gap as has been usually supposed 

The histology and morphology of the sporophytef in the Mns- 
cine® being almost unknown, it seemed that an investigation of 
that structure wms highly desirable, and that it would serve to 
further elucidate the relations existing between the Muscine^e 
and other groups of plants. With this end in view these inves- 
tigations were commenced. 

The Polytrichacese were chosen as the starting point, as they 
are easily obtained, and their large size makes the examination of 
minute structure in them easier than in most of the other com- 
moner Orders of the Musci. Eeferences, however, will he made 
to the structure of the sporophyte as found in other Orders and 
in some of the Hepaticje. By referring to the structure of forms 
other than those of the Polytrichaceee it becomes possible to 
distinguish the characters peculiar to tliat Order from those 
which are typical of the w^hole of the Musci. 

A comparison of the structure of the sporophyte of the 
Musci with that of the Hepaticse, and of both the Hepaticte and 
Musci wdth the Vasculares, leads to certain speculations in re- 
gard to the phylogeny of these groups. 

Before recounting my own observations, I have thought it 
desirable to give a brief outline of work which has already been 
done. 

In 1782 Hedtoig (8) J gave the first account of the Musci which 

^ On thifi point cf. Goebel (5), p. 401, and Bower (2), pp. G04, 605. 
t On the use of this term generally see Prof. Bayley Balfour’s (1) note, in 
which he justifies its use and that of the corresponding term oopJiyte, 

J The numbers in parentheses following the names of authors refer to the 
Bibliography on pp. 282, 283- 
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dealt with, anything more than the external characters. He, I 
believe, was the first to show that the sporogoniiim was not an 
integral portion of the moss-plant, but grew as a separate or- 
ganism attached to the oophyte in a way somewhat similar to 
that by which a parasite is attached to its host ; he described 
also tlie intercellular space surrounding the spore-sac. 

It remained, however, for an Englishman, William Valentine 
(27), to publish in 1833 the first account of the early develop- 
ment of the sporogonium. He also seems to have noticed that 
the tissues of the seta were differentiated into a cortical layer 
surrounding an axial cylinder, but he did not further investigate 
their respective characteristics. He describes the termination 
of the foot in two forms which he regards as exceptional, but 
wliich sho^v a certain amount of similarity to wdiat I have found 
among the Polytrichacem generally. Yaientine describes the 
structure of the sporangium accurately. 

In the same year that Yaleutine’s work appeared in England, 

? Hugo 'D071 Mohl (18) published an account of the anatomy and 
development of the spores of the Musci, and an account of the 
structure of the theca. 

Lantzius Beninga (13) published in 1847 the result of his 
valuable work, which dealt exclusively with the theca, especial 
attention being paid to the peristome. He gave a description of 
the intercellular spaces and trabecular tissue found internally 
to the pore-sac in the higher Polytricha. 

JSofmeister (9) in 1851 published a work on the higher Crypto- 
gams, in which the Musci are dealt with. The earlier stages of 
development of the sporogonium are described, but the later only 
in the case of the theca and spores. 

Lorentz (17) published in 1867 a fuller account of the ana- 
tomy of the Mosses than had ever before appeared; but his 
knowledge was only obtained from transverse sections of the 
organs and tissues with which he dealt. Some of his work is 
discussed below in detail. The chief result of Lorentz’s work, 
so far as the sporogoninm was concerned, was to show that there 
w as a specialized axial cylinder of tissue which he called the 

central strand.” He also described the two forms of tissue of 
which the central strand consists, namely, a thick-walled hollow 
cylinder of tissue surrounding a solid axial cylinder of thin- 
w ailed cells. 
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ii. COMEAEATITE ACCOTJKT OE THE MOEPHOLOOY OP THE 

Spoeogokiitm op the Musoi. 

The PoljtricliaceaB wHcli, for tlie reasons mentioned above, 
were selected for special and detailed examination, were found to 
differ very greatly from all tlie otber Musci in certain points of 
tbeir structure ; so much so that they seem to form a group by 
themselves. Hence, as far as possible, wherever the structure 
of the Polytricha under consideration differs materially from 
the other Musci, reference is made to species from other Orders, 
so that a more general view of the whole group may be 
obtained. 


1. JExternal Morphology. 

The sporogonium of the Musci maybe divided into three parts, 
namely, the/bo^, the seta, and the theca. 

The term/ooi? is applicable properly only to that portion which 
can be shown to be developed from the hjpobasal cell; but for ^ 
convenience, and as it has not yet been shown accurately bow 
much is developed from the hypobasal cell, I shall call that part 
of tlie sporogonium the foot which is placed within the vaginula. 

The seta is the portion of the sporogonium between the foot 
and the theca. 

The term theca is applied to the apophysis together with the 
sporangium and its operculum &c. The theca is thus divided 
into two members. 

The mature sporogonium has the tip of the foot turned up- 
wards, as may be seen when it is pulled out of its sheath, or, better 
still, by means of a longitudinal section (PL IX. fig. 2, PL X. 
fig. 15). The angle where the true morphological apex is turned 
up will frequently be referred to as the apex of the foot, although 
it is evidently not the true morphologic apex. The epidermal 
cells of the seta are not parallel to the axis of the seta, but are, 
as in the stems of many vascular plants, spirally twisted. 

In external morphology there is a considerable difference 
between the theca of the Polytrichaceae, in those forms in which 
the apophysis is developed, and that of other Musci ; in all those 
forms in which the apophysis is absent, the thecae are similar. 
Among the Polytricliaceae, the apophysis is absent in the genera 
Atrichum {Gatharinea), Oligotrichum, and many Fogomta. Id 
other Orders of the Musci, e. g. Splachnacea, Punariacea, 
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Mniacege, BicranaeejB, &c., there is an apophysis, hut it is obviously 
a part of the theca ; but in JBolytrichmn the apophysis is quite 
distinct, beiug separated from the sporangium by an annular 
constriction (FL IX. figs. 1, 3, 4, PL X. fig. 13). This constric- 
tion is often seen better if a longitudinal section of the theca is 
made, as it is not always evident from superficial examination. 
In ^olytrichum commtme^ Linn., and P. piliferum^ Schreb., it is 
more distinct, while in P, formosumy Hedw., and P. juniperinum^ 
Hedw., it is less so^. 

2. Anatomy and Sistology. 

Atrichum tjhdulatijm, . Beauv , 

This form is covered by a distinct epidermis easily distin- 
guished from the adjacent tissues, especially on the theca. Atri- 
chum has no stomata ; and, so far as I have been able to ascertain, 
stomata are only found on or in close connexion with the 
apophysis of those forms which possess that structure. Imme- 
diately beneath the epidermis^ of the seta there is a layer of 
thick-walled sclerotic cells, containing protoplasm, whose walls 
are of a brown colour, due, at any rate partially, to the presence 
of tannin, as is shown by the action of chromic acid. In the 
sterome of AtricJium there are no intercellular spaces (fig. 9). 
Passing inwards the cells become thinner-walled, and are sepa- 
rated by intercellular passages (PI. XI. fig. 28, ep., i), as the 
cells of the cortical parenchyma of atypical Vascular Plant are; 
but these intercellular spaces are only found in the Polytrichacesc, 
in other Orders they are absent (PL IX. fig. 10). This tissue, 
including the outer layer of sterome, may be conveniently called 
the cortex. Longitudinal sections show that the sterome is some- 
what prosenchymatous, although some of the cells have nearly, 
and occasionally quite, horizontal transverse walls (PL X. fig. 14). 
The cells of the inner thinner-walled layer are rather peculiar 
in that they are arranged in filamentous strands ; each strand is 
attached to the one above and the one below by a cell with one 
prosenchymatous end, but the other ends and the ends of the 
intermediate cells are horizontal (PL X. fig, 14). The cortical 
cells contain protoplasm and a well-defined nuelens with num- 
bers of plastids (chloroplastids). 

^ From drawings of those species of Poyonatum which I have not seen in 
which a rudimentar j apophysis is present^ the constriction appears to be present. 
In P. alpinum, liinn., this constriction, although, present, is very slight. 
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111 the centre of the cortex there is the strand of tissues 
(PI. XI. fig. 28, (^. 5 .), collectively called by Lorentz (17) the central 
strand. Unfortunately the term central strand has also been 
applied by Lorentz to a similar and analogous structure in the 
stem of the oophyte; but there is great anatomical difference 
between the central strand in the one generation and that in the 
other. With figs. 9 and 10 compare Lorentz (17), Taf. xxv, 
83, cc ; Lorentz (16), Taf. iv. fig. 1 ; Unger (25), Taf. ii. 9 (Bato- 
sonia superhd), Taf. hi. 31. 

The central strand is surrounded by a single layer of thin- 
walled cells (PL IX. fig. 11) similar to the cortical cells, 
except that they are on the awerage longer than the innermost of 
those cells (PL XI. fig. 28). These further resemble the cortical 
cells hy containing starch-forming plastids, and so differ from the 
tissues of the central strand. This parenchymatous sheath con- 
stitutes the innermost layer of the cortex (exomeristem^), as will 
he shown below. 

The central strand itself consists of certain tissues, which in 
the seta are characterized by the absence of intercellular spaces t ; 
it contains two kinds of tissue. One of these forms a solid axial 
.cylinder (PL XI. fig. 28, a.o,), called Leptoxylem J,* the other a 
hollow cylinder concentric with the former (PL XI. fig. 28, o.c.), 
called" Leptophloem. 

The Leptox^dem consists of very thin- walled, much elongated 
prosenchymatous cells, whose cell-walls are, as far as can he made 
out, all that remain in the mature seta (PL IX. fig, 11). These 
cells do not contain any living protoplasm, but only here and 
there remnants of disorganized protoplasm. This conclusion has 
been come to after very careful examination and comparison of 
sections, both transverse and longitudinal, in which nothing more 
than a few granules, the last remains of the protoplasm of the 
meristematic cell, were found. 

The Leptophloem is a more extensive tissue-system than the 
leptoxylem, and it consists of thick-walled, considerably elon- 
gated cells (fig. 28, 0 .C.), forming in transverse section a zone two, 
rarely three or more, cells deep. The innermost cells of this 

* Cf. note, p. 276. 

t I. e. Seiiizogenons intercellular spaces ; lysigenous spaces sometimes occur 
in some of tke Splachnaceje ; in Splachmim spIicBricum, Linn. jSi., there is a 
large lysigenous space in the centre of the leptoxylem. 

J See for explanation of these terms, p. 276. 
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layer are thicker tkaii tke more external. In longitadinal 
sectioQ (PL IX. fig. 11) the cells of this tissue show their pecu- 
liar form, being slightly dilated at one, and sometimes at both 
ends. In the latter case these cells may be described as being 
somewhat dnmbheli-shaped. Their transverse walls are not 
usually horizontally placed, and in longitudinal optical section 
have often more or less the appearance of an elongated S (PL IX. 
fig. 11). These cells, although they contain granular protoplasm 
and a well-defined nucleus, do not contain any plastids ; hut they 
contain a number of granules which in many ways resemble those 
described by Janczewski (11) as occurring in the sieve-tubes of 
the Pteridophyta. These granules are stained yellow by (iodized 
zinc chloride) Schnlze’s solution, brownish-yellow by iodine, 
and bright blue with Hoffmann’s blue. They appear in many 
ways quite distinct from protoplasm, and show no organiza- 
tion. These granules are also frequently found in the cortex, 
notably in that of Dicranum scoparium^ Hedw., which contains a 
great number. 

The cell-contents of the leptophloem are generally found aggre- 
gated towards one or other end of the dumbbell-shaped cells, 
thus filling up the dilatation at that end (PL IX. fig. 11). 

So far all attempts to demonstrate any protoplasmic cominani- 
eation between adjacent cells have been fruitless. Nevertheless 
some such communication, as has been shown to exist in the case 
of sieve-tubes by Sachs, and in the endosperm of seeds and 
parenchymatous tissues of the Xasculares by Gardiner (4), 
probably exists in the sporophyte of the Musci. Certain indi- 
cations of an indirect nature are found in the more persistent 
clinging of the protoplasm to the transverse walls of elongated 
cells after the swelling-up of the cell-wail by Schulze’s solution 
(PI IX. fig. 12). This observation in itself proves nothing ; but 
the subject is worth further investigation. 

Before leaving this subject it may be w’ell to point out that 
there is no pitting or similar variation in the thickness of any 
of the cell-walls of the sporogonium, except in the case of the 
epidermis of some species of Folj/triclmm farther described 
below. 

The leptophloem is stained a dull, rather faint blue by Schulze’s 
solution, whereas the leptoxylem is stained a deep bright blue, 
which at once differentiates it from the former. 

Passing upwards in Airichum^ the simplicity of its structure. 
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due to the absence of an apophysis, makes the relation of the 
tissues in the seta to those in the theca easily intelligible. The 
epidermis is, of course, continuous from one to the other. The 
cortex of the theca consists immediately within the ex>idermis of 
a layer of close-celled parenchyma with a very few small inter- 
cellular spaces, which together with the ex)idermi8 forms the wall 
of the theca ; internally to this there is a zone of trabecular 
tissue consisting of long parenchymatous cells, separated by 
very large intercellular spaces. This trabecular tissue connects 
the wall of the theca with the layer of cortical cells forming the 
outer wali of the spore-sac. The outer wall of the spore-sac 
consists of a layer of cortical cells two or three deep, without 
intercellular spaces derived from the exomeristem. Internally 
to the archesporium is the tissue of the columella, which consists 
of an outer layer of cubical parenchymatous cells, concentric with 
an inner axial strand of elongated parenchymatous cells. These 
two forms of tissue abut on one another without any cells of 
intermediate form. 

Tracing the connexion of the tissues of the theca with those 
of the seta, the central strand of the seta is seen to corresi:)ond 
with those tissues of the columella which, according to Kienitz- 
Gerloff (12), are formed from the endothecium (my endo- 
meristem ^), namely the archesporium and all the tissues internal 
to it. 

The most detailed account which has hitherto appeared of the 
anatomy of the seta of the Musci is the account given by Lorentz 
(17) of Atrichum undulatim\ but he only studied transverse 
sections, so that his account is imperfect. He also seems to have 
been mistaken as to the connexion of the central strand with 
the cortex, for he states that it is only held in place by a single 
strand of cells, so that in transverse section it appears to be 
attached to the cortex by a single cell: with fig. 28 compare 
Lorentz (17), Taf. xxviii. 83. 6. This he accounts for by saying 
(although he gives no evidence for the statement) that some of 
the cells of the internal layers of the cortex are destroyed and 
absorbed, and that this result is partly arrived at by the growth 
in thickness of the seta. I have carefully examined seta 3 in all 
stages of development, hut detected no sign of any such process, 
although the gradual separation of the cortical cells to form 
the intercellular air-paSsages was easily seen. It was indeed 
found, when the sections were made with due care, that in the 


* Cf. footnote on p. 277. 
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mature seta every, or nearly every, cell of tlie parencliymatous 
sheath was connected with one or two of the cells of the cortex 

(fig. 28). 

Examination of the cell- walls with the ordinary reagents showed 
that the cuticle of the epidermis contains cutin, and is covered 
by a distinct cuticle, which is isolated, but is not dissolved, by 
strong chromic acid ; the cortical sterome was altered in some 
undetermined way, since Schulze’s solution gave a slight purplisli 
tint with only slight staining ; neither aniline chloride, hydro- 
chloric acid, nor phlorogluein produced any coloration^; the 
parenchymatous cells of the cortex showed a more distinct blue 
coloration with Schulze’s solution. The cell-walls of the lepto- 
phloem were only coloured very slightly dull light blue by 
Schulze’s solution ; aniline chloride, hydrochloric acid, and phlo- 
roglucin produced no coloration ; the cell-walls of the leptoxylem 
wdtb Schulze’s solution stained a deep bright blue. 

The above holds good for the species of Foly trichum and 
JPogonatim which I have examined, and for the species of 
Mosses from other Orders which I have been able to examine, 
e. g. Funaria hygrometrica^ Linn., Dicranum sco^armm, Hedw., 
Mnimn hormm, Linn., <&c. 

POLYTEICHIJM. 

Several species of this genus have been used in this investiga- 
tion, namely F,formomm^ Hedw., F^gunijgerinum^ Hedw., P.pili- 
ferum^ Schreb., and P. conmiune^ Linn. ; so that all that is stated 
below in regard to this genus holds good for all those species 
except where the contrary appears. Several species of the genus 
Togonatum have also been examined, but they do not differ mate- 
rially from Atrichum and Folytrichmn^ being intermediate between 
these two genera. 

The colour of the seta in the species of Folytriclmm is due to 
the presence of red and brown colouring-matter in the cell- walls. 

The structure of the seta in Foly trichum is fundamentally the 
same in this genus as in Atrichum, The variations frojn the 
type of Atrichum may be in part due to difference of size. The 

* Since writing the above, I have gone into the question of the constitution 
of the cell-walls in the Mosses more carefully, and, although the investigations 
are not yet complete, I am able to say that the cortical sterome is lignified and, 
perhaps, corky. The investigation is rendered peculiarly diiBcult owing to the 
presence of various colouring-matters in the cell-wall. 
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periplieral zone of cortical sterome is miicli deeper than in 
Atrklmm (PI. XI. figs. 28, 29, PL XII. fig. 47), being six or 
eight cells deep. These cells are sometimes, as in P,formosum 
(fig. 47), slightly separated by small iiitercelluiar spaces. It is 
probable that this is true generally, but it is difficult to make 
out, as, from the smallness of their size, very thin sections are 
required to show them. 

The cortical parenchyma is four to six cells deep, the ceils 
"being separated by very large intercellular spaces, so that the 
central strand appears in transverse section to he suspended 
by a number of chains (PL IX, fig. 29) from the cortical 
sclerenchyma. 

The central strand is surrounded by a sheath similar to that 
in AtricJmm. The leptophloem is much more largely developed 
than in Atriclmm (figs. 28, 29), being from four to six cells deep as 
against one or two ; the innermost ceils of the leptophloem 
have a much smaller internal diameter than the more external 
ones, and are very much thicker- walled (figs. 29, 30). In con- 
sequence of this difierence in thickness of the cell-walls there is 
an apparent separation of the tissue into twm layers — an outer 
one, consisting of large (comparatively large) thin-walled cells, 
and an inner, consisting of thick- walled cells of small diameter. 
The ieptoxylem consists, as in Atrklmm^ of a solid axial cylin- 
der of thin-w’alled cells, sharply distinguished from the innermost 
tliick-walied cells of the leptophloem. The actual thickness of 
these cell-walls is rather greater than in AtricJnm, and instead 
of their internal diameter being on the whole smaller than 
that of the adjacent leptophloem-ceils, it is greater. The lepto- 
phloem has the same structure in other points as in Atricliim^ 
containing protoplasm and nxiclens. The prosenchymatous ends 
of the leptoxylem-cells are best seen in transverse sections, 
stained with either hmmatoxylin, Schulze’s solution, or methylene 
blue. 

In as mentioned above, the theca is differentiated 

into two organs, namely, the sporangium and the apophysis. 
The sporangium has in this genus a more complicated structure 
than in the rest of the Order, being of prismatic form with from 
four to six sides. The apophysis has the form of a flattened 
bilaterally symmetrical spheroid (PL IX. figs. 1, 3, 4), attached 
by one pole to the seta, and by the other to the sporangium, in 
P. •^iliferum and P. commum. The exact form of the apophysis 
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can l3e best understood by a reference to tbe figures sbowing 
views of the whole theca (PI. IX. figs. 1, 3, 4), and comparing 
them with the sections (PI. IX. fig. 9, PI. X. fig. 13). P,fo7'mo- 
sum and P. junipe7n7imn have an apophysis of symmetric hemi- 
spherical form (PL IX. fig. 5). 

The stomata are placed in a band in the annular depression 
or constriction separating the apophysis from the theca. 

The anatomy of the sporangium has been fully described by 
Lantzins Beninga (13), so there is only one point upon which 
I have made observations that need be mentioned. In Polytn- 
chum coDiynmie^ and perhaps in some other species, the epidermis 
was seen, npon a surface-view, to have a peculiar papillary appear- 
ance (PI. XII. fig. 49). Sections vertical to the surface showed 
the cause of this : each epidermal cell rises at the middle point of 
its external surface, so as to form an outward projection from 
each cell, and from the cell-lumen a deep pit penetrates into this 
papilla, leaving the tip of the papilla only closed by a very thin 
membrane (fig. 48), 

This is the only pitting of any sort to be found througliont 
the moss-sporogonium, unless tbe thin parts of the cell-walls 
left between the thickenings of the teeth of the peristome 
be looked upon as pits. This peculiar modification of .the 
epidermis is only found on the wall of the sporangium, and as 
that is the part covered by the calyptra it has occurred to me that 
a possible explanation of this structure is, that by means of these 
modified pits nourishment may be conveyed from the epidermal 
cells of tiie sporogonium to the calyptra. 

The apophysis is covered by a cuticularized epidermis, with a 
distinct cuticle, in which, in a definite region, the stomata are 
developed. These stomata, as Schimper (22) (23) pointed out, 
are peculiar in tbat the stoma is guarded by what may, from one 
point of view, be regarded as a single guard-cell ; for the cellulose 
plate separating the two cells is never completed to meet the 
side-wmlls of the mother-cell, thus leaving a passage at each end of 
the cellulose plate by means of which the cavities of the guard- 
cells communicate. There is, however, a nucleus on each side of 
the cellulose plate, which splits to form the stoma (BL X. 
fig. 17). The relations of the guard-cells are also shown in 
PI. X. figs. 20-23, which show sections taken through the stoma 
at various points. 

My observations also confirm Haberlandt’s (6) in regard to 
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tke peculiar form of the lips of the stomata of PolytrieTimi 
(Pi. X. ligg. 18, 20) ; compare also Haberlandt (6), Taf. xxvi. 
The stomata of other Musci are, in those forms in which 
they are known, according to Haberlandt’s and my own obser- 
vations, similar to the stomata of the higher plants (Pi. X. 
fig. 27). Stomata have been seen in all stages of develoj^ment ; 
and these observations show that the cell-plate is at no period 
complete in ^PolytricJium, This form of stoma is found also in 
Mmaria (PL X. fig. 19) and in some Angiospermatous Phanero- 
gams, e. g. Frotea sp., according to H. von Mohl (19). In all 
other forms in wdiich the stomata have been observed, they have 
the normal form found in vascular plants. 

In the Antheroceroteae — the one Order of the Hep aticse which 
have stomata on the sporogonium — I have found them to be of 
the typical vascular form (PI. X. fig. 21, 25) j also in the following 
Musci: — Mnium liornum^ Hedw. (PL X. figs. 26, 27), Dicranum 
scoparkim, Hedw., and SplaeJinum vasculosum, Linn. (fig. 29) ; and 
J^liascum cuspidatum, Schreb., according to Kienitz-Oerloff (12)*. 

Underneath the epidermis of the apophysis the cortical 
tissue of the sporogonium is much more strongly developed ; in 
fact, nearly the whole of the extent to which the apophysis 
exceeds the diameter of the seta is due to increase in cortical 
parenchyma. The ceils of this tissue are here closely packed, 
only leaving small intercellular spaces, except immediately under 
the stomata, w'here large intercellular air-passages are found 
(PL IX. fig. 9 j PL X. figs. 13, 18,20-23). In transverse section 
the cortical parenchyma is seen to he arranged in rows of cells 
radiating from the ‘‘ central strand ” to the epidermis. These 
ceils are elongated in a radial direction (PL IX. fig. 9). Their 
exact arrangement can be best understood by comparing the 
transverse (fig. 9) with the longitudinal section (PI. X. fig. 13). 
The cell-walls are for the most part thin, except those just 
underneath the epidermis (PL X. fig. 18), w^hicli are slightly 
thickened. 

In transverse as well as in longitudinal section the development 
of a bilateral symmetry is evident (PL IX. fig. 9, PL X. fig. 13). 
In transverse section the “ central strand ’’ is seen to occupy a 
position much nearer to the posterior side of the apophysis than 
to the anterior, and equidistant from the two flanks. The 
* To fcliis list may be added Mnium eus^idatum^ Hedw., SplacTimm ampulla^ 
eeum, Linn., and some others more or less modified, according to Haberlandt (6). 
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cortical tissue of the apophjsis in JPoI^tricImm differs from 
what is more usually found in possessing so few and such small 
intercellular spaces. In most other forms the development 
of intercellular passages is very large ; and in S^laehnum vas- 
culosum the cortical tissue of the apophysis is very similar to 
the trabecular tissue surrounding the spore-sac of the Musei 
generally. 

In the apophysis of FolytricJium formomm the central strand 
is reduced, and loses some of its distinctive characters. The 
cells become less elongated and more isodiametric in the upper 
parts of the apophysis, and the tissues are no longer distinguish- 
able into leptoxylem and leptophloem, as protoplasm is found in 
all the cells. 

In the more liighly differentiated apophyses of P. piliferum 
and P. comm%ne the central strand retains its characters, although 
they are gradually lost in the stalk connecting the apophysis with, 
the sporangium ; the leptoxylem is more largely developed than 
in the seta, and, as seen in transverse section, the leptophloem 
does not form quite so deep a zone round it nor are its limits 
distinctly defined (PI.' IX. fig. 9). 

The lower end of the sporogonium, which is inserted into the 
stem of the oophyte of the moss, is called the Foot, Its struc- 
ture is interesting on account of its physiological importance as 
the organ by means of which the absorption of liquids takes place. 
All the water, with the substances in solution required for the 
nourishment and transpiration of the sporogonium, must be 
taken up by the foot. From the size and complexity of the 
organs of the sporogonium and from the number of the stomata, 
it is obvious that these processes must be very active. 

The foot is from I to | inch in length 5 it tapers downwards, 
and the tip is, as has been mentioned, turned up (PL IX. fig. 2). A 
careful examination of both transverse and longitudinal sections 
shows that the foot has pushed its way into the tissues of the 
stem of the oophyte. This is apparently effected by the cells of 
the young calyptra becoming hard and thick-walled before it 
is separated from the vaginula^. Consequently, when the young 
sporogonium grows in length, the calyptra for some time prevents 
it from pushing upwards its upward-growing apex, so that the 

* According to Hy (10) the cell-walls of the arohegoninm (future calyptra) 
are strongly thichened after the fertilization of the oTum (oosphere)® 
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lower apex is forced down into tlie stem of the oophyte tlirougli 
tlie softer to tlie liarder tissues, wlien the pressure on the 
calyptra becomes so great that it is torn away from the vaginula. 
By the foot being forced down in this way into the centre of the 
conducting tissues of the oophyte, a supply of food-material is 
assured to the foot. Transverse sections of the foot, with the 
siiri’ouiiding tissue of the oophyte, show tliat the cells of the 
tissues of both structures, especially in the regions where they are 
in contact with one another, are gorged with protoplasm, and 
have large well-defined nuclei and nucleoli. Longitudinal sec- 
tions of material carefully prepared by hardening in absolute 
alcohol or 1-per-cent, chromic acid, and afterwards treated with 
alcohol, show the protoplasm of the cells in a highly granular 
condition with a striated, almost stringy or ropy, appearance, 
giving the impression that active circulation or rotation of the 
protoplasm was going on in the tissue while in a living condi- 
tion. The striations are usually slightly diagonal, hut nearly 
parallel to the long axis of the seta. Transverse sections show 
that the foot has essentially the same structure as the seta, and, 
near its point of junction with the seta, is identical. A series of 
sections shows that, passing downwards, the leptophloem gra- 
dually diminishes, and that the leptoxylem, which, as in the seta, 
is totally devoid of protoplasm, increases. 

The cell-walls of the tissues of the foot are totally without 
colouring-matter — even the cortical sterome, which also is less 
sclerotic- The cortical parenchyma-cells are almost cubical in 
form, and are thicker-walled than in the seta. 

A median longitudinal section of the foot (PL X. fig. 15, PL 
XI. fig. 31) shows the change that takes place in the tissues of 
the central strand; the leptophloem is gradually reduced, so that 
at a short distance from the apex, instead of forming, in J?oh/- 
triclhum^ a zone five or six cells deep, it is reduced to two, the 
innermost cells of this layer, apparently taking on the functions 
and form of the leptoxylem, losing their protoplasmic contents. 
This process goes on till the whole of the central strand is 
transformed into a thin-walled prosenchyma without protoplasm 
(fig. 31). The cortical tissues of the apex undergo a similar 
change, and the intercellular spaces are lost a little above tbe 
apex. The epidermis retains its protoplasm. The apex of the 
foot consists solely of this thin-walled parenchyma and some 
disorganized cells (fig. 31). 
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3. Note on the Nomenelature of the Central Strand, 

A paper has recentlj appeared by Haberlandt (7) on the 
anatomy and physiology of Mosses. In regard to what he has 
said about the sporophore, I think it will be useful to make a few 
remarks. 

On the whole, Prof. Haberlandt’s obserYations and my own 
are in agreement ; but he does not seem in all cases to have 
determined the limits of the outer cylinder and the parenchy- 
matous sheath. 

Prof. Haberlandt has called the tissues of the central strand 
of the seta by the same names that he has given to the several 
parts of the vascular bundle in the Vascular Plants ; namely, the 
axial solid cylinder of thin-walled cells the Hadrom strand, and 
the outer hollow cylinder the Leptom cylinder. The terms 
Hadrom and Leptom were first used by Haberlandt (7) in 1884 
to designate the wood (xylem) and bast (phloem) of the Vascular 
Plants ; and there would have been no objection in so using them 
for the tissues of the central strand of the seta (sporophyte) so 
long as they were not used also for the conducting tissues of the 
oophyte ; but unfortunately Haberlandt has used them for both 
purposes, so that henceforth these terms cannot be applied so 
as to to have a strictly morphological meaning. Consequently, 
although it had not originally been my intention to do so, I 
thought it best to adopt some terms for the tissues which I 
have described above which should have a fixed and definite 
morphological meaning. As every one will admit that the 
tissues of the sporophyte of the Muscinesc are homologous 
with those of the sporophyte of the Vasculares, even if they also 
consider them to he homologous with other structures, the terms 
Leptoxylem and Leptophloem have been adopted to designate 
the water-conducting ^ and oz'ganic-material-conducting tissues 
respectively of the sporophyte only of the Muscineae. 

The prefix lepto (XeTrros, meaning thin, dender, imignijicant) 
has been used for scientific purposes to indicate riidimentariness of 
structure in, for example, the name Leptocardiaf and again in 


^ On tke function of this tissue see my note on the subject elsewhere (26). 
t Leptocardia, a class of the Chordata in the Animal Kingdom, partly cha- 
racterized by having a very rudimentary heart. 
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^^Le^tospo-mncjiafa^^ The parenchymatous sheath may be called 
the endodermis, as Prof. Haberlandc calls it by the G-erman 
equivalent Sclmtzscheide. 

The term Leptoxylem will then be used to designate tlie water- 
conducting tissue only of the sporophyte of the MuscinesB ; and 
Leptophloem to designate the tissue only of the sporophyte of 
the Musciness which has the same function as the bast in the 
Yasculares. 


So that the homologies between the sporophyte of the Musci 
and the sporophyte of the Vasculares may be thus tabulated : — 


Muscine.e. 

Sporophyte, 

Epidermis 

Cortex 

Endodermis 

Central strand, product of endo- 

meristem 

Leptophloem 

Functional bast. 

Leptoxylem 

Functional wood. 


Vasculares, 

Sporophyte, 

Epidermis. 

Cortex. 

Endodermis. 

Axial vascular bundle or system 
of bundles. 

Phloem. 

Bhnctional bast. 

Xylem. 

Functional wood. 



iii. Development oe the Spoeohonium;- 

The earliest stages of development, from the first division of 
the oospore to the formation of a fusiform embryo, and the later 
development of the spore-sac and theca, have been described by 
Kienitz-Gerloff (12) and Hofmeister (9) more or less completely. 
Therefore the development between these two stages only has 
been investigated for the purposes of this paper. 

According to Kienitz-Gerloff (12), the young embryo of Atri- 
chum undulaiimi grows in length by means of a two-sided apical 
cell ; so that two series of semicircular segments are formed. 
Each segment is then divided by a radial w’all into two approxi- 
mately equal parts. These walls are known as the quadrant- and 
octant-walls, the first formed being the quadrant-wall* those 
next formed at right angles to the quadrant-wall are the octant- 
walls. In transverse section, therefore, the circular outline of the 
sporogonium appears to be divided into four nearly equal sectors. 
Each quadrant at a later period, or lower down on the embryo, 
is divided into three cells in such a way that there are two cells at 
the periphery and one at the centre (PL XII. figs. 41, 42) ; so that 

^ Leptosporangiata, a class of Ferns. The force of Upto in this word is, I 
should think, a little doubtful. 
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there are four cells at the centre surrounded by eight cells. Tlie 
exterior eight cells form the amphithecium of the theca (mj exo- 
iiieristeiu), the four cells at the centre the endothecium (ray 
endomeristeni). This method of deyelopment is so far just the 
same for either the theca or seta. 

The terms exomeristem and endomeristem, first used by Eussow 
(20) and Sanio (21), have been adopted by me in a slightly 
modified and restricted sense At the stage just described it 
will be seen that there are two sets of cells — the four central and 
the eight peripheral ones. Each of these sets henceforth grows 
according to a distinct and difl^erent law. The four central cells 
and the meristeni which they give rise to I have called the 
endomeristem ; and the eight peripheral cells and the meristem 
to which they give rise I have called the exomeristem. 

From the point just described above, I have observed the deve- 
lopment of the seta continuously up to the time when the theca 
begins to be formed. The development of the seta is acropetal ; 
so that a series of sections taken below one another illustrate 
the methods of development of the several tissues. 

Tile next stage of development shows that each of the exo- 
meristem-ceils has been divided tangentially by a radial wall ; so 
that the exomeristem consists of sixteen cells (fig. 35). So far, no 
divisions have appeared in the endomeristem. A little below 
the point shown in fig. 35 a ring of tangential walls appears in 
the exomeristem, which has therefore now become two-layered. 
At the same time more radial walls appear in the exomeristem 
(figs. 32, 3B, 34i). By the time this stage is reached, divisions 
make their appearance in the endomeristem in a growing point 
that is giving rise to the seta; although, if the sections are made 
through a young theca, it will be found that the endomeristem 
has not yet begun to divide any further. In the former case, at 

* Eussow’s terms exomeristem and endomeristem have been adopted and 
applied to tb© meristems of the sporopbyte of the Moss, because it seemed, on 
the one hand, that it would be a mistake to inyent new ones ; and, on the 
other, tb© tissues produced in tbe case of tbe Moss from its two meristems are 
homologous with tbe tissues produced from the two meristems in tbe Vaaculares 
in those cases, at any rate, in which the vascular ^stem is axial Therefor© I 
have called the meristem which produces the central strand the endomeristem ; 
and the meristem which produces all the tissues outside the central strand, 
namely the epidermis and cortex, the exomeristem. Eussow’s use of the terms 
in regard to the Lycopodiace£e is that nearest to the use which I have her© 
ventured to make. 

ZINN. JOURN. — BOTAHT, YOB. XXIY. Z 
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a stage a little later than that shown at fig. 32, division will have 
begun in the endoraeristem, as shown by fig- 36, where walls are 
formed dividing the endomeristeinatic mother-cell of each quad- 
rant into two. The wall is in each case at right angles to either 
one of the octant- or quadrant-walls and parallel to the other 
quadrant- or octant-wall, as the case may he (fig. 36). A little 
later, in each of the cells thus formed another wall is formed at 
right angles to the one immediately preceding it and parallel to 
the one before that (fig, 37 ) ; each of these cells is again divided 
by walls again at right angles to the wall immediately preceding 
it and parallel to the one before that (fig. 38). This process 
then continues, so that the endomeristem consists of a number 
of cells which in transverse section have a rectangular 
outline. 

The law stated above for the divisions in the endomeristem 
holds good, I believe, so long as divisions go onin' that tissue ; but 
beyond a certain point it becomes difficult to follow. Meanwhile, 
grow^th has been going on in the exomeristem, where divisions 
take place according to a different law to that obtaining in the 
endomeristem, in consequence of which the endomeristem is at 
once easily distinguished. In the exomeristem divisions take 
place in such a way that the cells are arranged in radial rows, 
and the radial walls are more numerous towards the periphery. 
After a time growth in the internal layers ceases, being carried 
on in the peripheral portions almost exclusively At a very early 
stage the formation of tangential walls ceases absolutely in the 
innermost cells of the exomeristem. 

I'he best way of explaining the mode of development of the 
exomeristem is to follow the divisions of one of its peripheral 
cells and of the cells arising from that one. A comparison of such 
cells at different stages of their development will show that the 
cell is divided first radially by a tangential wall into two cells, 
one central, the other peripheral in position. The peripheral cell 
is then divided tangentially by a radial wall, and then each cell 
BO formed is divided by a tangential w^all, tbns forming two radial 
rows. In the peripheral cells of each of the rows, either a tan- 
gential or a radial wall may be formed or a number of tangential 
walls; radial avails do not appear as frequently as tangential 
walls, and never two in succession. Divisions, both tangential 
and radial, appear in the peripheral, not in the central cells of a 
series. I think it extremely probable that, at any rate, radial 
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walls are formed only in the most peripheral cells, that is only in 
the external layer of cells of the sporogonium. A reference to 
PI. XII. figs. 37--IO, will make the accoant of the development 
of the exomeristem clear. 

Prom the fact of divisions taking place as just described, it is 
easy to see in a transverse section from which cell in the central 
part of the exomeristem several radial rows are derived, since 
celhdivision takes place much as in the cork cambium of the 
Phanerogamia ; in transverse section the cells of the exome- 
risteoi are not rectangular, for of the tangential walls the peri- 
pheral is greater than the more central (figs. 37, 38, 39, 40). 
At about the stage represented in fig. 39 intercellular spaces 
are beginning to be formed between the innermost cells of the 
exomeristem. 

In the development of the growing-point, I may briefly refer 
to the order in which the radial walls are formed at the growing - 
point of the sporophyte of the Muscineas and of the lower Pteri- 
dophyta. A reference to PI. XII. figs. 44, 45, 46 — representing 
transverse sections through the growing-point of the sporophyte of 
one of the Hepaticsc, one of the Musci, and of ^quisetum — makes 
it evident that the principle, according to which at any rate the 
earliest divisions appear, is the same in each ease ; although in 
Uquisetum there is a complication arising from the fact that 
the apical cell is three-sided, and not two-sided as in the 
Muscineae. 

It is in the seta only that the small-celled tissue, formed hy the 
freq[uent divisions taking place in the endomeristem, gives rise to 
the structure known as the central strand. The sheath of the 
central strand consists of the innermost layer of cells of the exo- 
meristem (figs. 41, 42). At a stage somewhat later than that 
shown by fig. 42, the tissue of the endomeristem begins to be 
distinguishable into an outer zone of thick-waUed cells con- 
taining a quantity of protoplasm, while the axial strands of cells 
do not increase in thickness, and the quantity of protoplasm 
diminishes. 

"With regard to the respective methods of cell-division and 
growth in the exomeristem and endomeristem, the exomeristem 
grows from a peripheral zone, so that the cells at the periphery 
are the youngest ; and as the cells at the centre cease dividing, 
they may he looked upon as the oldest. Tlmrefore the sheath or 
endodermis of the ctnlral strand consists of the oldest cells of 
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the, exomeristem. The etidomeristem differs from the exome- 
ristem by dividing equally tbroiigbout in any transverse plnne^ 
so that all tbe cells in a given plane are of the same age, Tlie 
epidermis in the sporogonium is not derived from any special 
layer or meristem, but is only the most external layer of cells of 
tbe exomeristem. 

Figs, 6, 7, 8 represent tbe external morphology at various 
stages, from tbe youngest I have been able to obtain (a small 
fusiform embryo) to tbe nearly mature sporogonium "vvitli fully 
developed theca. At tbe earliest period the embryo grows by 
means of an apical cell (fig. 32) ; but from the stage repre- 
sented by fig. 6 or very shortly after, the apical cell is 
divided up into several cells, and growth in length is no longer 
continued by new segments being cut off from an apical cell. 
At a certain period after tliis stage is reached, the formation 
of the theca commences (fig. 8«); this is seen in the slight 
swelling which appears a little below^ the apex. This swelling is 
greatest at its most distant point from the apex, forming first 
what will eventually become the a[iophysis. At a later period 
the upper part swells, and develops further to form the 
sporangium. 

About this time — the stage shown in fig. 8 h — the young stomata 
begin to be formed. They are formed by given cells at the sur- 
face ceasing to divide, but continuing to increase in size at the 
same rate as the surrounding cells, thus forming mother-cells for 
stomata, which are about eight times the size of the surrounding 
supex'ficial cells. The nucleus of the mother-cell divides tan- 
gentially, and a radial wall is formed betw^een tbe two daughter- 
nuclei, connecting the external peripheral wall with the internal 
central wall of the motlier-eell by a plate of cellulose. It, 
however, does not extend to any of the other walls of the cell 
At a later period this cell-plate splits, thus forming the opening 
of the stoma. Both the nuclei remain, and can be seen tliroughoui; 
the life of the sporogonium. 

It is found that in the theca the eudomeristem is more largely 
developed in proportion to the exomeristem than in the seta. 
Compare figs. 43 and 40. 

* Ib F-unaria, according to Haberlandt (6), the development of the sterna is 
different, and there is in tlial form a stage at which the two gnax'd-cells are 
completely separated, parts of the cell- wall separating them being dissolved 
subsequently. 
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iv. CoisrcLTJSiOH. 

I may summarize as follows: — 

1. Tliat the tissues of the central strand in the cases investi- 
gated consist of two kinds o£ tissue — the leptophloem^ whose 
function is inferred on anatomical grounds (detailed in i, 2) to he 
similar to that of the phloem of Vascular Plants ; and the 
leptoxyienij the function of which I originally inferred on ana- 
tomical grounds, but have lately (26), by direct experiment, 
determined to he that of conducting the transpiration current up 
the seta. 

2. That the apophysis of the Moss sporogonium is an organ for 
absorbing and assimilating gases, and that transpiration takes 
place from it must be fairly evident from the accoiiot of its 
anatomy given above, and it is in this respect similar to the 
leaves of the Vascular Plants. Its morphological value I cannot 
now discuss, but I hope shortly to be able to do so fully. 

Altliough, as I have pointed out above, the stoma of the Poly- 
tricliaceae differs from what is typical in the Muscine^e, it is only 
a modification of that form, and does not differ in essential points. 
The stomata of the sporophyte of the Muscinese generally belong 
to the same type as those of the Vasculares (see PL X.)- 

Leitgeb (15) has shown that the so-called stomata of the 
oopliyte of the March an tiace^ are essentially different from the 
true stomata of the sporophyte of the Muscinese and Vascular 
plants. 

3. The foot is the organ of absorption of liquids, although it 
does not present the ordinary form of a root, as it does not show, 
so far as I Lave been able to determine, any sign of endogenous 
growth. The root of FhMoglo^mm^ which, according bo Bower 
(3), is not endogenous in origin, may perhaps form a eonnecting- 
link between the foot of the Muscine® and the root of the 
Vasculares, Prom the fact of the parasitic habit of the sporo- 
phyte of the Muscinese, the absence of a root-cap is hardly sur- 
prising, as that organ is lost in many parasitic plants alfcogetber ; 
and in those in which it is present in the erahryonie primary 
root, e. g. Visoum, it is lost, accordiog to Solms-Laubach (24), 
when the young plant begins to grow^ parasitically into tbe 
tissues of the host. 
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DBSCEIPTION OF THE PLATES. 

Plate IX. 

Pig. 1. General view of theca of Polytrichiim commune^ with a portion of the 
seta. 3'.=seta; <z^.=apophy3is ; s?f.=region upon which the sto- 
mata are developed; s/;.= sporangium; pl=annalus; i.=lid. 

2. The foot of the sporogonium of P. aommune, ^.=vagmuia ; /zf.=foot ; 
B, — seta. 

Z. [F. commune. Letters as for fig. 1. 5= left side or angle; right 

4. 1 side; posterior side ; a = anterior side. 

5. P.formosum. Letters as for fig. 1. 

6. Letters the same as in figs. 1 and 2. Various stages of development of 

the sporogonium of P. formomm from (d) the youngest to (c), in which 
the rudiments of all the parts can be made out. 

7. Young sporogonium of stage of fig, 6 (a), X about 11. 

8. Young thecse of JP.formosiim. Letters as in fig. 1. 

a. The young theca is just visible, = stage figured by fig. 6g. 

b. At this stage the position and limits of the lid can be seen. The apo- 

physis cannot yet be distinguished from the sporangium. 

c. Bather later stage than b. The apophysis is being formed. At this 

stage the young stomata are forming, but are not yet open. 

d. Nearly mature theca. ^The angles have not yet been formed ; a sec- 

tion through the theca at this stage is nearly circular. 

9. Transverse section through the apophysis oi P. comfmme, x40. ej>.= 
epidermis ; c. = cortex ; <?.s. = central strand, the limits of which are not 
clear in this region. 

10. Transverse section of the seta of Funaria, a form in which there are 
no intercellular spaces in the cortex of the seta. Letters as in 
fig. 9. 

11. Longitudinal section of the seta of Atrichim undulaium^ XBOO. ^.= 
epidermis; <?.= cortex; intercellular spaces; central strand; 

parenchymatous sheath of c.s.; <5c.=leptophloem ; fl!tf.=leptO“ 
xylem. 

12. Celts of the cortex of Airichm undulatum (longitudinal section) 
stained with Hoffmann’s blue and treated with Schulze’s solution. 
protoplasm of cell; sc. = swollen cell-wall; OT£?.= middle lamella; 
«.= cell-nucleus. 

2 a2 
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Plate X. 

pig. 13. Longitudinal section tbrougli the apophysis of Tolytfichum commune. 

ti.— anterior side ; 73 .= posterior side; 2 ;^.=base of the theca; e‘p.— 
epidermis; 5Z?.= stomata; c?.=cortex; <?.$.= central strand. 

14. Longitudinal tangential section (a portion only) of Atriahcm undula- 
tum, to show the arrangement of the cortical filaments, every fourth 
or fifth cell having a prosenchymatous end. 

15. Longitudinal section of the foot of Folytrichwn commime, diagram- 
matic. c. " cortex ; oc.= leptophloem ; ae. — lep toxylem ; cs, = central 
strand: w.= water-absorbing organ; te.=turnecl-up true morpho- 
logical apex of the foot; appoint frequently referred to as apex 
of foot. 

16. Stoma of hypophysis of JSplachmm msculosum. 

17. Surface view of stoma of I^.fomosim. The nuclei in the cells are shown. 

18. Tertical section through the stoma of P. formosum. 

19. Stoma from hypophysis of F-miaria^ 

20-1 

21 A series of sections vertical to the stoma of P. commune^ to show 
{ the communication of the two guard-cells, st. = opening of the stoma ; 
J guard-cell ; i=mterceliuiar air-passages; c.= cortex. 

24 1 

■ i Stomata from the sporogonium of Anthoceros, 

^Of J 

26, Stoma of Mnkmi hornuni. 

27. Vertical section through 25. 


Plate XI. 

Pig, 28. Transverse section of the seta of Atrichum undulatmn^ x300. 

epidermis; intercellular spaces in the cortex; c.s?. = cortical scle- 
renchyraa; cortical parenchyma; parenchymatous sheath 
of the “ central strand" ; < 9 .c.= leptophloem cylinder of the “ central 
strand” ; < 2 c.=: axial cylinder of leptoxylem of ditto. 

29. Transverse section of the seta of Folytrkhum juniperimm, x300. 
Letters as in fig. 28. 

30. Transvei*s 0 section of the central strand of P, juniperimm, X520. 
Letters as in fig. 28. 

31. Longitudinal section of apex of foot of F, formosum, x320. d, mass of 
disorganized cells at end of the foot. These cells are so much displaced 
and broken that it is impossible to draw them accurately. Other 
letters as in fig. 15. 
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Plate XII. 


Pig. 32. Longitudinal optical section through the young growing point of 
sporogonium of P. formosmn at stage a, fig. 6. 

Figs. 33 to 43 iiicliisiye from sections cut after imbedding in paraffin 
with Oaldwell-Threlfall microtome. 

( A series. Pig. 33, nearest the apex ; fig. 36, furthest off, together with 
fig. 41. 

Transverse sections just below apex of sporogonium at that stage in 
which a theca is going to be formed. 


33. 

34, 


35. j 0,= octant- walls ; Q, = quadrant- walls ; eo ), = exomeristem ; end. - 


36. 


37. 

38. 

39. 

40. [ 

41. 1 

42. y 


endomeristera ; sheath; c.6'.=: central strand. 

Pig. 33, Afrlchiim wididaticnij after Kienitz-Gerloff. The others from 
JPoI^tnchimi formosim. 

Transverse sections through the young growing apex of JP.funi;perimm^ 

These with fig. 33 form a series illustrating the development of the 
seta. Letters as in figs. 33 to 36. 

In fig. 39 the small numerals indicate the order in which the walls are 
formed. 


43. See under fig. 33 above. Section through base of young theca of P. for- 
mosum. Letters as in figs. 33-42. 

44. Diagram to illiisti’ate the primary division into (exo.) exomeristem and 
(end.) endomeristem in a moss sporogonium. Q.=quadrant-walls ; 

octant-walls. 

45. Transverse section of young embryo of Fmllania dilaiata. for compa- 
rison with fig. 44. After Leitgeb (14). 

46. Transverse section of young stem of Egimetmi for comparison with 
figs. 44 and 45. 

47. Transverse section through the cortex of Pol^trichum formosumf x520. 
(Out after imbedding in parafiln with OaidweU-Tiirelfall microtome.) 

epidermis (this shows the cuticularized outer wall); se/.— cortical 
sclerenchyma ; middle lamella; «.=interceliiilar spaces. 

48. Vertical section through the wall of the theca of P. commune^ to show 
the peculiar pitting of the epidermal cells, 

49. Surface view of epidermis of theca of P. commune. 
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I. Transpiration as a Tiinetion o£ Living Protoplasm ; II. Tran- 
spiration, and III. Evaporation, in a Satura,ted Atmospliere. 
By tlie Eev. G-. Heis-slovt, E.L.S. 

[Bead 2nd June, 1887.] 

1 . TbAESPIEATIOK as a EuECTIOE OE LiTIEO PaOTOPLASM. 

Introductorif . — That green leaves and other parts of plants tran- 
spire vapour of water from their surfaces has long heen known ; 
that this transpiration is greater by day than at night, and that 
it is augmented by beat, bas been equally well ascertained ; that 
it is chiefly induced by the absorption of the red and violet, and 
to a less extent by some other of the rays of the solar spectrum, 
when white light impinges upon organs containing chlorophyll, 
bas been satisfactorily demonstrated. That it is not, however, 
strictly speaking a function of chlorophyll, ^er se, but rather one 
of living protoplasm generally, whether green or colourless, 
seemed to require confirmation, and is one of the results of the 
experiments herein to be described. 

My object has been to find out, if possible, how far transpira- 
tion is effected by light, both white as well as coloured, and 
by temperature without the aid of chlorophyll; and if under 
this condition it could be compared with the purely physical 
property of evaporation which takes place from ail moist sub- 
stances. 

MM. Bonnier and Mangin, in their experiments upon the 
respiration and transpiration of Fungi, arrived at the following 
conclusions ^ : — 

1. La transpiration estaugmentee par F elevation de la tem- 
perature. 

“ 2. La transpiration diminue quand Tetat hygrometrique de 
Fair aiigmente. 

3. La lumiere diffuse augmente la transpiration des Cham- 
pignons.” 

With reference to the differences between Transpiration and 
E\^aporation, M. Leclerc bas arrived at the following results f ; — 
1°. La transpiration est ind^pendante de la lumiere. 

* Ann. des Sci. Nat. 6 s4r. tome xrii. p. 302. 
t Ibid. 6 s6r. tome xvi. p. 274. 
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2^^. Elle esfc niille dans nne atmosphere saturee. 

3^. Bile est fonction de Fefcat hygrometrique de I’air. 

Cette foQction est representee assez exactement par Feqnation 
E=«(F'“/) dans laquelle a est nn coefficient variable avec 
chaque plante et chaque experience ; B, la tension de la vapeur 
d’ean correspondant; a la temperature de Fatmosphere dans 
chaque experience ; la tension de la vapeur d’eau contenue 
dans r atmosphere au me me moment ; <?, une cons tan te, positive 
ou negative. 

“ Dalton a trouve que la quantite d’eau qu’evapore une surface 
d’eau situee dans une atmosphere partiellement saturee, peut 
s’exprimer par une equation identique. 

*^4®. Si la transpiration est plus active dans la plante exposee an 
soliel que dans la plante a Fomhre, cela tient : — (a) Aux rayons 
calorifiques qui, accompagneiit toujours les rayons lumineux, 
echauffent les tissues ; (h) aux fonctions d’ assimilation des 
feuilles.’’ 

M. Leclere gives a short notice of the investigators of Tran- 
spiration, from Woodward in the l'7th century to Wiesner in 
1876. The paper of the last-mentioned writer appeared subse- 
quently to M. Leclerc’s experiments, and he only briefly notices 
it to observe that Wiesner reduces the function to a form of 
evaporation ; so that : — “ Le phenomene de la transpiration de- 
vient un phenomene entierement physique et une fonction de la 
temperature de la plante; mais il ne semble pas avoir cherelie 
s’il n’y aurait pas une relation entre la transpiration et Fetat 
hygrometrique de Fair.” 

M. Masure, however, arrives at a different conclusion^, viz., 
that transpiration is not at all a phenomenon of simple evapora- 
tion, since he found from his experiments that it is four times 
greater than the evaporation of pure water from the same 
amount of surface f. It is a function of vegetation, which con- 
tinues at night, being then about one-tenth of that by day ; and 


* ‘‘ Eeeherches sur I’Evaporation de Feau libre, de Feau contenue dans les 
terres avables, et sur la Transpiration des Plantes.’' Annales Agronomiques, 
1880, tome vi. {ef. pp. 451 and 490). 

t If this result be correct, it does not seem to agree with those obtained by 
comparing the transpiration of a living plant with the evaporation from the 
same plant when killed, as will be seen hereafter. 
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lie attributes tMs relaxatioa to the absence of solar radiations ; 

observing: — “ La Transpiration des plantes est unpbeno- 
mene coinplexe qui subit, d’une part les memes influences physiques 
€|ue Tevaporation de I’eau pure et qui, d’autre part, s’effectuant 
sous Fempire des forces, physiologiques de la vie vegetative, 
s’ecarte necessairement de ces lois suivant les besoins de la 
plante. Ce n’est que par des observations de toutes les heures 
et plus souvent repetees encore si c’etait possible, qu®on pent 
esperer decouvoir les raisons de ces eearts/’ 

One great objection amongst others to the idea that transpira- 
tion is referable to evaporation, which in turn is regulated by 
temperature and the hygrometric state of the air, is that a living 
leaf loses water more slowly than when it is dead*. I have 
proved this repeatedly in the following manner. Taking a 
variety of leaves and dividing them longitudinally, I suddenly 
killed one half by scalding. I then weighed them, and again at 
short intervals till the two halves of each leaf had dried up and 
lost no more weight. The killed half dried np faster, the loss 
per hour being greater than from the living half. 

As another remarkable difference, it will be seen from the 
tables given below that while living parts of plants can alsorh 
mpour at night in a saturated atmosphere, wet cotton- wool never 
does so. 

Tor further details upon the effects of temperature, and of 
different hours of the day and of month of the year, upon Tran- 
sj)iration as compared with Evaporation, the reader is referred 
to M. Masure’s interesting paper. 


Expebimekts with Mushbooms. 

The first series of experiments were made with Mushrooms 
transplanted separately from a bed into small pots about two 
inches deep. The latter were entirely enveloped in guttapercha 
sheeting, cotton-wool being wrapped round the stipes to protect 
it from injury, where the sheeting- was carefully and somewhat 
tightly fastened, so that no moisture could escape otherwise than 
by transpiration from the plant itself. 

The following table gives the results of observations upon three 


* Br. Tines also mentions this fact, *PIiys. of Plants/ p. 105, 
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examples, from December tbe 2Stbj 1885, and of a fourth from 
Jan. 23rd, 1886. 


MesuJU of Tlxperiments* 



No. of 
hours. 

Loss per 
hour, 

Ko. I. 

Loss per 
hour, 

Yo. II. 

Loss per 
hour, 

Yo. III. 


Min. 

Max. 

1885. 









o 

o 

Dee. -’S 

6 

E. 

•030 

Y. 

•021 

Y. 

•043 

Bull. 

42 

45 



18 

B. 

•026 

B. 

•020 

B. 

•037 


39 

41 

JJ 

29 

6 

Y. 

•016 

E. 

•020 

G- 

•040 

Eine, bright. 

39 

44 



18 

B. 

•024 

B. 

•020 

B. 

-035 


35 

42 


30 

6 

G. 

•013 

Y. 

•015 

E. 

•035 

Pine. 

40 

42 



16*5 

B. 

•018 

B. 

•015 

B, 

•020 


42 

42 


31 

8 

Y, 

•022 

G. 

•022 

Y. 

•030 

Yery dull. 

40 

47 



18 

B. 

•on 

B. 

•on 

B. 

•032 


40 

48 

18Sd 











Jan 

1 

6 

01. 

•043 

Cl. 

*035 

Cl. 

*045 

Very dull. 

51 

53 



16 

B. 

•022 

B. 

? 

B. 

•031 


51 

53 


2 

6‘5 

E. 

•021 

Y. 

•018 

Y. 

•042 

Fine. 

50 

52 



16 

B. 

•020 

B. 

•022 

B. 

•034 


51 

56 


3 

7-5 

Y. 

•030 

E. 

•022 

G. 

•034 

Fine. 

49 

56 



17-5 

B. 

•019 

B. 

•013 

B. 

•031 


49 

52 


4 

6'5 

G. 

•027 

Y. 

•024 

E. 

•035 

Bull, rain. 

51 

52 



17 

D. 

•024 

B. 

•025 

B. 

•034 


42 

51 

») 

5 

8 

Y. 

•032 


•031 

Y. 

•032 

Yery fine. 

44 

47 



15-75 

D. 

•026 

B. 

•027 

B. 

•042 


38 

46 


6 

7 

01. 

•030 

*^01. 

•031 

01. 

•063 

Heavy snow. 

38 

40 



17-5 

B. 

•028 

B. 

•023 

B. 

•036 


36 

42 


7 

7 

E. 

•010 

^Y. 

■034 

Y. 

•048 

Fine. 

36 

40 



17 

B. 

•020 

B. 

•020 

B. 

•030 


35 

41 

)> 

8 

7 

Y. 

•029 

fdecayedl 

a. 

•036 

Fine. 

36 

40 



14 

B. 

•019 



B. 

*028 


35 

42 

m 

9 

7 

G. 

•020 ^ 



E. 

•033 

Bull. 

36 

39 



18-75 

B. 

•016 



B. 

•024 


36 

; 40 

J» 

10 

5 

T. 

•016 



Y. 

•023 

Foggy. 

38 

41 



17-75 

B. 

•017 



B. 

•023 


38 

43 


11 

7 

Cl. 

•037 



CL 

•033 

Yery fine. 

39 

41 



17 

B. 

■015 



B. 

•023 


38 

43 

>j 

12 

7*25 

E. 

•022 



Y. 

•027 

Overcast. 

39 

42 



18-25 

B. 

•015 



B. 

•019 


39 

44 

7 ) 

13 

5*75 

! Y. 

•031 



G. 

•043 

Fine. 

40 

44 



17*25 

B. 

•015 



B. 

•020 


i 40 

43 

}7 

14 

24 

a. 

•015 



E. 

•030 

Bull. 

i 39 

45 

77 

15 

6-25 

Y. 

•010 



Y. 

•020 

Fine, 

1 42 

44 



16-25 

B. 

•014 



B. 

•024 


1 39 

45 

77 

16 

7*25 

^ CL 

•022 



CL 

•023 

Fine. 

42 

43 



16.25 

i B. 

■016 



B. 

•018 


40 

; 44 


^ See below, p. 295. 
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I Mill. Max. 


i ISSil 

I 

j 



o 

o 

' Jan. 23 

5*5 

! E. 

•019 

Snow, dull. 

40 

40 


14‘5 

j B. 

•042 


39*5 

44 

; ,, 21 

8 

1 Y. 

•030 

Snow, sunshine. 

40 

42 

j 

15*5 

! B. 

•034 


40 

42 

i „ 25 

10'5 

1 G-. 

•024 

Very dull. 

42 

46 


lo'O 

B. 

•032 

44 

48 

' „ 26 

lii-5 

V, 

•030 

Tery fine. 

42 

46 


13'5 

B. 

■038 

42 

48 

27 

10 

H. 

*047 

Very fine. 

42 

45 


14 

B. 

•038 

42 

4S 

„ 28 

1>5 

Y. 

-035 

Foggy, then fine. 

42 

44 

j 

14*5 

! B. 

•039 


i 42 i 

: 48 1 

i . 29 : 

9 

G-. 

■039 

BuU. 

42 : 

^ 44 i 


15 

B. 

•036 


1 42 i 

i 47 

1 » 31 1 

9 

T. 

•046^^ 

Tery fine. 

! 42 ' 

1 45 

i 

15 

D. 

•049 

1 42 i 

46 

1 Peb. 1 1 

10 

01. 

*041 j 

A.M. dull, p.M. fine. 

! 42 : 

; 46 


14 

B. 

•045 f 


1 44 

50 

n 3 j 

8*5 i 

R. 

•044 j 

Pine. 

^ 44 1 

46 

i i 

15*5 

B. 

•040 ! 


44 i 

48 1 

i .. 3 1 

9*5 

Y. 

•042 i 

Bull. 

42 

46 ; 

1 ! 

I 

( 1 

1 

[dying] 



i 1 


JBffects of Lights 

Arranging tlie preceding results under tlie different eoloursf, 
they give the following mean losses per hour : — 


!No. I. 

(Dee. 2S, 1SS5, to Jan. 16, 1SS6.) 


Range of 1 
mean Min. j 
and Max. j’ 
Temps, j 

1 R. 

o o 

:41-7-44'7 

i 

1 0 o'* 

: 44-40. 

j G. V. 

o o o o 

j41-5-44-5: 41-44-7. 

i Cl. 

; O 0 

'42-5-44-2 

I 

( 

1 D. 

' 0 o 

, 411—43. \ 

1 1 

! i 


•U30 

•016 

*013 

i 4)22 

•043 

! ' ' I 


•021 

1 *030 1 

•027 

! -032 

I 

1 *030 ; 

Mean of \ 


■010 

*029 

•020 

1 -016 

1 *037 

nineteen ; 


•022 

' *031 

•015 

1 -010 

‘022 

1 

observations: 

Means ...... 

•021 

•026 

•019 

! -020 

! i 

-033 

•020 


t The glasses used were the same as described in my former paper : — “ A Con- 
tribiitioB to the Study of the Eelafcive Effects of Different Parts of tlie Solar 
Spectrum on the Transpiration, of Plants,*^ Journ, Linn. Soc, Bot. voL xni. p. 81. 
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No. II. 


(Same period.) 


Bang© of 
mean Min. 
and Max. 
Temps. 

- 

R. 

O 0 

44-50. 

Y. 

o o 

46-4B-5. 

G-. 

o o 

42-47. 

Y- 

O ” o 

45-5-47. 

Cl. 

O 0 „ 

44'5-46*o 



B. 

o o 

4l)'7~46. 



•020 

•021 ^ 

•022 

•015 i 

•035 

Mean 








of ten 



•022 

-018 

•031 

•024 

•031 

observations: 

Means 

•021 

•019 

■026 

•019 

•033 

•020 


No. III. 


(Same period.) 


Range of 1 
mean Min. [ 
and Max. j 
Temps. J 

E. i 

o o 

41-0-44. 



'f- 

o o 

4I-44‘5. 

G. 

0 o 

41-46. 

V. 

o o 

41 •7-45. 

Cl. 

0 o 

42*o-44'5 

B. 

o o 

40*5-45*1. 


•035 

o 

CO 

o 

•040 

•043 

•045 



•035 

•032 

•034 

•042 

•063 

Mean of 


•033 

•023 

•036 

•046 

•033 

nineteen 


•030 

•020 

•043 

*027 

•023 

observations : 

Means 

•033 1 

•026 

•038 

•040 

•041 

•028 


No. IV. 

(Jan. 23 to Feb. 3, 1885.) 


Range of ] 
mean Min. 1 
and Max. j 
Temps. J 

R. 

O 0 

41-8-45, 

Y. 

o o 

4T3-44. 

G. 

o o 

42-45. 

Y- 

o o 

42-45*5. 

CL 

O 0 

42-46. 

B. 

O 0 

42*1-47. 


•049 

■036 

•024 

•036 

•041 








Mean 


•047 

•035 

•039 

•046 


of ten 


•044 

■043 


j 


observations: 

Means 

•047 

•038 

j -031 

•041 

■041 

•039 
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The means of all four specimens will therefore be as follows : — 

R. Y. . a. Y. CL Dk. 

•0305 -0267 -0235 ’0300 *0370 *0267. 

These may be practically represented : — 

*030 ‘027 '028 *030 “037 ' 027 . 

These results agree with those obtained from plants possessiiii^ 
chlorophyll, so far as the maxima occur under red, violet, and 
clear glasses, while yellow, green, aud total darkness give 
miiiiina. This result is almost as obvious in the means for each 
specimen respectively. 

If, however, we neglect third places of decimals, we may write 
the above thus : — 

•03 *03 -03 *03 -01 * 03 . 

This result sliows that the differences between the effects of 
any particular colour is really almost inappreciable ; whereas 
the augmentation under clear light is more pronounced. This 
last result, as mentioned above, was obtained by MM. Bonnier 
and Mangiii. It should be observed that, taking high places of 
decimals (as the third or fourth), one runs the risk of appearing 
to emphasize what may be fictitious results. So far as they go, 
however, it is at least somewhat remarkable that they should so 
completely tally with the results obtained from green plants, 
where the differences are more manifest. 

Effects of Temperature. 

The mean temperatures from December 28, 1SS5, to January 
15, 1886, during which period the observations were made upon 
the specimens Nos. I., II., aud III., rose during the first four 
days, fluctuated from Jan. Isfc to the 4tb, and tlian fell again, 
G-roiiping the total amount of losses per hour during these three 
successive periods, the results are as follows : — 

Mean Max. ISTo. I, Ko. 11. No. III. 


Dec. 28 to 31 43°'5 *018 '020 *034 

Jan. 1 to 4 63°-5 *02G *023 -036 

Jan, 5 to Deb. 15 ... 43°'0 *020 [decayed] *031 


Comparing the losses per hour under the lowest minimum 
temperature with those under the highest maximum, the effect 
under each glass is shown as follows : — 
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Low'est Min. 
iSfo. I. 

Highest Max. 
Ko. I. 

Lowest Min. 
Ho. IL 

Highest Max. 
Ho. II. 

Lowest Min. 
Ho. III. 

Highest Max. 
Ho. III. 


o 


o 


o 


o 


o 


o 


R... 

3() ... 

•010 

52 

..*021 

39.. 

.*020 

52.. 

.*021 

36.. 

.*033 

52.. 

.*035 

Y... 

36... 

•029 

56 

..•030 

36.. 

•034* 

56.. 

.•030 

38.. 

. -023 

47.. 

. -0417 

a... 

36... 

•020 

52 

... -027 

40.. 

.•022 

52.. 

.•027 

36.. 

.•036 

56 .. 

.*036 

V- 

38... 

•016 

47 

... -0274 

40.. 

. -015 

47., 

.*027 

36.. 

.*046 

52. 

• •042 

01... 

38... 

•030 

53 

...•043 

38.. 

-•031 

53.. 

. *043 

38.. 

. *063 

53.. 

,.•045 


These results are sufficient to show that temperature has a 
marked effect upon the transpiration, when no account is taken 
of any difference between light and darkness. The effect, 
however, becomes much more pronounced when Mushrooms are 
transferred from a warm room to a cool one, and allow^ed to 
remain in each for definite periods and of the same duration. 

Three Mushrooms were grown in separate pots and protected 
as befoi'e. They were placed for twenty -four hours alternately 
in a cool room with no fire in it, and in a warm one where a fire 
burned every day. Tliey were always in total darkness, being 
enclosed in a cardboard box. The following are the total losses 
in twenty-four hours : — 




I. 

11. 

III. 

Min. 

Max. 

1886. 


grins. 

grms. 

jGU’ins, 

o 

0 

Doc. 6- 7... 

Cool room 

1-50 

•82 

1-16 

50 

56 

„ 7- 8... 

Warm „ ...... 

3*38 

1*68 

2-73 

52 

68 

„ 8- D... 

Cool „ ...... 

2*18 

1-19 

1-81 

44 

59 

„ 9-10... 

Wai'in „ 

3-57 

2’61 

2*90 

48 

76 

„ 10-11... 

Cool „ 

2-07 

•85 

1-15 

44 

56 

„ 11-12... 

Warm „ ...... 

3*15 

1*45 

1*93 

50 

62 

„ 12-13... 


•99 

•92 

1*02 

47 i 

50 

13-14... 

Warm „ i 

2*27 

1*37 

1*71 

48 

61 


Transpiration from Living Mushrooms compared witli Evapora- 
tion from Saturated Dead Specimens* 

Two of the three specimens, viz. iJTos. 1. and III., together 
with 53*0. IT., were scalded after the above experiments were 

Exceptionally increased loss by dying and drying up rapidly, 
t Means of two observations. 
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completed. All superficial moisture l)eing cax’efiilly removed by 
sligbfc pressure between sheets of blotting-paper, they were 
submitted for four and three days and nights respectively to 
diffused sunlight and total darkness respectively, with the following 
results ; — 


Loss per bour 
by Bay, 

1 IS^o. I, III. 

lllin. 

Max. 

Loss per hour 
by Night, 

No. L No. III. 

Min. 

Max. 

•023 -044 

3y-5 

o 

41 

•017 -023 

39-5 

41 

•028 -041 

38 

40 

•014 -012 

38 

42 

■017 -020 

40 

40 

■013 -017 

39-5 

44 

O 

o 

40 

42 

•014 *022 

40 

42 

Means *021 *032 

39-4 

40-7 

1 

•014 -018 

39*2 

42*2 

Loss per hour 
by Bay, 

No. lY. 

Min. 

Max. 

Loss per hour 
by Night, 

No. lY. 

Min. 

Max. 

•043 

o 

42 

0 

1 42-5 

•035 

0 

41 

o 

44 

•025 

38 

42 

•020 

40 

44 

•017 

41 

45 

•014 

46 

50 

Means -028 

40 

43 

•023 

42 

44 

Total mean 
loss by Bay, 

Min. 

Max. 

Total i.nean 
loss by Night. 

Min. 

Max. 

•027 

40° 

42° 

•018 

40° 

43° 


Comparing these results with the mean losses hy transpiration 
under clear diffused light and total darkness, the latter were as 
follows : — 


Total mean Total mean 

loss by Bay, Min. Max. loss by IJ^ight. Min. Max. 

•036 42°'3 45° *029 41° 45° 

In both cases the loss is greater by transpiration than from an 
artificially saturated condition, and whether the loss be by trans- 
piration or evaporation, it is greater by day than hy niglit. 
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This may appear strange with regard to evaporation, but it is a 
well-known fact that dark bodies especially, such as a dead 
iniishroom, can absorb radiant energy and convert it into heat. 
This is well illustrated by small objects, such as dead leaves, 
pieces of bark, small stones, dead insects, <fec., which when lying on 
ice gradually sink into it, sometimes to a depth of several inches. 
This is frequently observable on the glaciers of Switzerland, and 
that, too, when the temperature of the air in contact with the 
ice must be close upon the freezing-point of water. 

That a mushroom with blackened gills absorbs much light is 
further proved by making an alcoholic solution. If this be 
examined with a spectroscope, it will be found that the only 
light w^hich is transmitted is a very dull red and green, showing 
how much of the spectrum is arrested. 

There is another point illustrated in the above experiments, 
namely, that a living organism transpires ccsteris paribus less than 
when dying or dead, i. e. when it is replaced by evaporation. 
Thus specimen No. II. will be seen to have transpired more 
largely from Jan. 5 to 7 (indicated hy * p. 289), w^beu decay had 
set in, though there was no special rise of temperature to account 
for it. It w'as also more pronounced by day than at night. 

Similarly, specimen No, IV. was beginning to dry up about 
Jan. 81 (* p. 290). From that date to the 3rd, the loss per hour 
was markedly greater than it had been previously. 

Experiments with Etiolated Seakalb. 

The following experiments ■were made with plants of Seakale 
which had at first been grown in a dark cellar. One had a rhizome 
8 inches in length, and Ibliage consisting of white petioles with 
purplish arrested blades. The other had a rhizome about 5 inches 
in length, with long petioles varying from 6 to 12 inches in 
length. The rhizomes, wdth a few rootlets attached, were 
wrapped up in saturated cotton-wool, and the whole enveloped 
in guttapercha sheeting, so that no moisture could possibly 
escape except from the exposed petioles. The plants were 
subjected to light transmitted through coloured glasses suc- 
cessively hy day, and placed in total darkness at night. They 
were careiully weighed every morning and evening, and the 
losses by day and by night reduced to losses per hour for each 
period respectively, as in the case of the Mushrooms described 
above. 
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Tile following are the results obtained : — 


1 

Xo. of 
hours. 


Loss per 
hour, 
Eo. 1. 

Loss pel- 
hour, 
No. IL 


Min. 

Max. 

18S6. 






0 

0 

lAlarch 15 

13*5 

Dark. 

'036 

•067 


41 

46 

„ 16 

10 

B. 

■041 

•070 

Dull. 

39 

42 


14 

I). 

•032 

•0(i2 


3S 

43 

* „ 17 

10 

Y. 

•034 

■065 

Line. 

40 

40 


14 

D. 

■032 

•063 


41 

44 

! „ IS 

10 

Y. 

•034 

•070 

Dull. 

40 

44 


9 ‘5 

D. 

•031 

•073 


42 

46 

t » 19 

10 

a. 

•030 

•083 

A-M. dull; 

44 

52 

i 

14-5 

D. 

•020 

•oso 

fine. 

49 

52 

„ 20 

10 

Cl. 

•OSl 

•079 

Fine. 

50 

54 

[ 

14 

D. 

'032 

•070 


53 

56 

» 21 

9-5 

E. 

026 

•076 

DiiU. 

53 

56 


15 

D. 

•030 

•111 


53 

57 

„ 22 

9 '5 

Y. 

i -028 ' 

•02() 

Dull. 

52 

58 


14*5 

D, 

•028 

•070 


54 

57 

» 23 

10 

G. 

•031 

•089 

A.M. dull ; 

54 

56 


14 

D. 

•043 

•085 

[r.af. fine. 

55 

60 

„ 24 

9'5 

Y. 

•053 

•0S7 

Fine. 

55 

59 

1 

15 

D. 

•044 

•088 


56 ^ 

57 

« 25 

9*5 

I Cl. 

•051 

•090 

Dull. 

56 i 

59 


14 

D. 

i *039 

•073 


56 

59 

,, 26 

10 

E. 

i -051 

•084 

Dull. 

55 

59 


14 

D. 

i -044 

•077 


56 

58 

» 27 

10 

Y. i 

1 -043 

•066 

DuU. 

56 

56 


14'5 

; D. 1 

i -035 

•065 


56 

58 

„ 29^ 

9-5 

G, i 

•042 

•072 

Dull, rain. 

54 

^ 56 


14 

D. 1 

•037 

•069 


50 

^ 55 

» SO i 

9-5 

Y. 

■040 

•070 

Fine. 

52 

54 

1 

14-5 

D. 

•037 

•072 


51 

54 

1 „ SI 

10-5 

Cl. 

■044 

•0(»7 

Fine. 

50 

54 

1 

13-5 

D. 

1 

•037 

■054 


49 

52 


Effects of Light. 

Arranging the preceding results under the different colours, 
they give the following mean results of the losses per hour: — 


'No. I, (March 16 - 32 , 1886 .) 



E. 

i Y. 

G. 

Y. 

CL 

D. 


•041 

i *034 

•030 

•034 

•031 i 

Mean of 


•0-26 

I -028 

'031 

•053 

•051 

fourteen 


•061 i 

1 -043 

•042 

: *040 

•044 

observations : 

Means ...... 

•039 ! 

1 

I 

•035 

■034 

i 

■042 

•042 

•034' 


^ Observations not taken on March 28. 
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Xo. IL 


’ E. 

Y. ; 

a. 

I V. 

: 01. 

I B. 

•OTO ; 

•065 i 

•083 

i *070 

: *079 

: ^ilean of 

; ‘076 i 

'026 1 

•089 

i -037 

I *090 

j foiirteea 

1 '084 1 

•066 1 

•072 

i -070 

1 

i -OIjT 

1 observiitlons : 

Means ... *077 i 

■052 j 

•OSl 

1 -076 

' -079 

1 -073 

Taking the means 

again of the above, 

the re 

suits are as 

follows 






R. Y. 

Gr. 


Y. 

Cl. 

D. 

•058 *043 

•058 


•059 

•060 

*053 ; 

or, practically, 






9 

o 

•06 


-06 

*06 

• 05 . 


It will be seen tliat these means agree very closely with 
what is experienced with green plants ; in so far as redj 
violet, and clear light furnish maxima, yellow', and generally 
green as well as total darkness, minima. These results, more- 
over, agree with those obtained by Wiesner, who found that 
etiolated plants absorbed the same raya, but in a lessened degree. 
Temperature, however, bears so important a part that appa- 
rently exceptional results may easily mark the general law. 

A somewhat conspicuous difference will be observed between 
the effects of green light on the two specimens : thus, while 
No. I. has the most decided minimum, No. II. has the most 
decided maximum. I met with a similar experience w'hen 
experimenting with green plants ; thni, wdule one batch of 
Lettuces gave a mean under green the next lowest to that 
under yellow light, both a second and a third batch gave the 
mean under green next highest after red, violet, and clear glass. 
On the other hand, Palms gave the mean under green as the 
lowest ininimum. 

The green glass used transmitted the absorption-bands iii. to 
vr. Hence there seems to be some peculiarity about the effect 
of green glass which requires further investigation. 

V The low^est minimum is most constantly under yellow glass ; 
and the results with colourless glass agree therefore with those 
obtained with green plants, in which I have pointed out that 
yellow light must have a retarding effect on transpiratio!i, since 
the glass used transmits all the red as well, whereas the red 
glass is absolutely pure without a trace of any other colour. It 

Lim'. JOrv2f. BOTA2fY, TOL, XXIV. 2 B 



29S 


BET. a. HENSLOW ON TBANSPIBATIOX 


is a remartalile coincidence tliat MM. Bonnier and Mangin 
found tliat tlie luminous rays, especially red and yellow, retarded 
respiration, otlier conditions being equal'^'. 


Effects of Temperature. 

Comparing tlie losses per hour under the lowest mioimiiin 
temperature with those under tlie highest maxim am, the effect 
under each glass is shown as follows : — 


j 

; 

Lowe&t 

roin. 

No. I. 

No. U. i 

Highest 

liitix. 

No. I. 

No. IL 

1 

i E 

... 

59 

•041 

; 

*070 

o 

aO 

•051 

•(lS4 1 

I r 

i i 

*034 

! ‘065 / 

58 

•0*2S 

i 

i 

44 1 

•030 

’ im ' 

50 

•0361' 

•o.sut ; 

i V 

! 40 i 

•034 

; '070 : 

1 59 

•053 

■0.ST 1 

! ci 

i 

m i 

*031 

1 -079 1 

1 59 

1 

•051 

■000 1 


By eornpariiig these results, it will be seen that increments of 
temperature generally increase markedly the transpiration. A 
curious exception is noticeable with yellow light, in which 
an increase of IS® is accompanied by a decreased power of 
transpiring. Somewhat similar results seem noticeable with 
Mushrooms 

With regard to the effects of temperature apart from light, 
if we group the means in successive increments as follows, the 
effect is clearly seen. 

The following figures represent the loss per hour at night 
in total darkness : — 
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This indicates a gradaal increase of transpiration in accordance 
with slight increments of temperature. 

As with Mushrooms so witli etiolated Seakale, the effect of 
temperature becomes more marked when the specimens are 
transferred from a cool room to a warm one, and vice verm^ as 
the following experiment shows : — Two specimens of Seakale of 
about the same size as the preceding, and carefully protected as' 
described, were placed for twenty -four hours alternately in a cool 
room without a fire and in a Avarm one. They were not enclosed, 
but exposed to diffused daylight. 



Xo. I. 

Loss in 

24 hours. 
No. I. 

[ Loss in 

24 hours. 
No. II. 

Jlin. 

temp. 

Max. 

temp. 

18S7. 


grammes. 

grammes. 

o 

o 

April 7-8 

Cool room. 

2-80 

^ 1*83 

44 

51 

8“9 

Warm „ 

2-24 

! 2-34 

40 

i fU 

9-10 

Cool „ 

•80 

; -Sil 

43 ' 

53 

„ 10-11 

Warm „ 

1*40 

! 1*00 

48 ; 

i 39 

„ 11-12 

: Cool „ 

•71 

i *76 

45 

i 58 

12-13 

Dark „ 

1-20 

M3 

54 

i 34 

1 


Trans])iration compared with ^Evaporation. 

The two specimens of Seakale were scalded after the termina- 
tion of the experiments on transpiration. All superficial mois- 
ture being carefully remowed, they w^ere subjected for a week: to 
successive coloured glasses by day and to total darkness at night, 
with the following results : — 


Colour of glass. 

No. I. 

No. 11. 

Min. 

Max. 

Dark 

*115 

•132 

o 

52 

o 

54 

R 

*121 

•201 

.52 

53 

B 

‘075 

•112 

55 

58 

Y 

*117 

•210 

51 

58 

D i 

■074^ 

•133^ " 

^ 50 

53 

a 1 

•03)0 

•110 

52 

54 

D I 

•048 

•070 i 

51 

56 


•050 

•050 

52 

54 

D ! 

•033 

•047 

54 

56 

GI i 

•043 

•043 ! 

1 

50 

1 58 


The first observation to be made on these results is that up 
to (*) the losses were greater by day than by night ; subse- 
quently the evaporation steadily declined, apparently irrespective 

2 B 2 
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ofliglit. Tiiking the means of the above, we have as results, 
irrespective of colour : — 

lilcaii loss by Mean loss in 

clay. " 3^Iin. Max. darkness. Min. Max. 

•106 51 56 -087 52 56 

Comparing these results with the mean losses by transpiration 
irrespective of colours 

Mean loss by Mean loss in 

day. * Mio. Max. darkness. Min. Max. 

‘056 50 53'8 *049 53*3 57 

111 both cases, as with Mushrooms, the loss is greater under 
light than in darkness ; and probably the same interpretation 
may be given here as with the former experiments. 

Again, as it was observed (on p. 294) that the trauspiration of 
i\i ushrooms wms greater than their evaporation, similarly is it with 
Beakale. In the latter case the evaporation is nearly double that 
of transpiration. So great a difference possibly depends upon the 
different natures of the cellular tissues of these two plants, though 
I confess at present to be quite unable to explain it. That there is 
some similarity, if not identity in part, between the twm processes 
of transpiration and evaporation seems obvious, yet that the 
of a living plant has an important modifying influence is equally 
apparent. Leclerc considers transpiration as not being due to 
light per se, but to the calorific rays which aeeompany it. But 
though the chlorophyll absorption-band ]^o. I. coincides pretty 
nearly with the maximum of the calorific rays (as Langley and 
Abneys have shown ^), it is difficult to see in what way Leclere 
would explain how a maximiim of trariS23iration is obtained with 
violet light, as both "Wiesner and myself hare proved, and which 
we believe to be converted into beat, and thus do work. 

One great point of difterence between transpiration and eva- 
poration in their final results consists in the relatively greater 
quantity of wmter lost,* and that wdth a greater rapidity, by 
evaporation as compared with transpiration. Thus, for example, 
the mean loss by transpiration under ail lights of a plant of 
Hclieveria was *033 gramme per hour ; while the same plant 
scalded to death evaporated *068 gr. per hour under a very 

* “ The Influence of Water in the Atmosphere on the Solar Spectrum and 
Solar Temperature,” by Oapt. Abney, B.E., B'.R.S., and Col. Festing. Proc. Eoy al 
Soc. xxxv. p. 328 (1883), 
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similar range of temperatures. The inference is, that living proto- 
plasm has a power of controlling and regulating the loss of watcar 
which a dead organic structure does not possess. 

Co^rcLiTsiONs. 

The general conclusions which the above-described experi- 
ments seem to warrant are, that plants, such as Mushrooms, which 
do not possess chlorophyll at all, transpire more under light 
than ill darkness, hut exhibit slight, but not very appreciable, 
differences under light of various colours. Transpiration, how- 
ever, appears to be more sensitive to increments of temperature 
tlian to colours, and perhaps than to pure white light itself. 

Etiolated plants, as Seakale, wdiich under normal conditions 
would be green, still show some slight difference, due to coloured 
rajs, such as are, however, much more pronounced with plants 
possessing chlorophyll. 

In both cases transpiration is a function of living colourless 
protoplasm ; this function, how’ever, being greatly enhanced by 
the presence of chloropbvll, in consequence of the poiver possessed 
by the latter substance of absorbing certain rays, which then, by 
their conversion into heat, raise the temperature within the leaf 
and thereby increase the loss of the vapour of water. 

Lastly, the difference in the effects of transpiration from a 
living organism and evaporation from a dead one can easily be 
seen in the usually relatively greater amount of water lost under 
the latter process under similar conditions and in the same space 
of time. A further difference will be noted hereafter; and the 
reader may be referred to M. Masure’s paper, mentioned above, 
for other differences. 

Since this paper wms written a short communication from 
Ph. van Tiegliem * has appeared, in which he also suggests 
that tjie term tra/isjnnition should he given tu the vaporization, 
of wmter from protoplasm, and whicdi occurs independently of 
ehloropliyll. This, he remarks, is a process common to animals as 
well as vegetables, or to all living beings : — “ Elle croit, comiiie on 
sait, avec la temperature, avec la secheresse et Pagitation de i'air. 
La lumiere aussi s'aecelere ; au soleil, un orgaiie sans chlorophyllcy, 
im petale de Mauve ou de Lis, par example, transpire Jusqii’a 
deux et trois fois plus fortement qiPa Pobseurite.” 

* Bull, de la Soc. Bot. cle France, p. iotl.. 
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To tHs general property of transpiration tlie eliloroleacites/^ 
or cbloroplijll-grainsj add their quota by means of the particular 
rays absorbed by them in sunlight. This second pheiioinenoii, be 
it observed, is much more intense than the former, and Tiegheiu 
proposes the term “ cblorovaporisation ” to represent the trans- 
piration chlorophyll lend’ 

II. liuissFiiiATio^f m A Sa'TUKateb Atmosmebe. 

M. Belierain states ^ that transpiration continues iiidefinitelj 
ill a saturated atmosphere from living leaves uncletached from 
the plant; whereas (he says) a cotton wick dipped in water 
after two hours lost *076 gramme, after three hours’ exposure 
to sunlight '0S6 gr., but after four hours tliere wa£( no lurther 
loss. Wiesner also remarks that plants can transpire in a 
saturated atmosphere, but only under the influence of light, 
inasmuch as the temperature within the leaf must be warmer 
than without, and this increase is produced by the conyersion 
into heat of the rays which are absorbed. 

On the other baud, M. Leclerc, in his paper alluded to above, 
states that transpiration does not take place in a saturated atmo- 
sphere. 

Lastly Knop (Yeg. Stat. vi. 255) found that a moist piece of 
paper or wood lost weight when kept for some time in a confined 
space over ivater. 

The followingexperments were made for the purpose of test- 
ing these results, and, as far as they go, they certainly seem to 
corroboiate Delierain and Yiesner with regard to transpiration, 
and Kiiop in that a dead substance will continue to evaporate 
tor many days in an apparently saturated atmosphere. 

The experiments were conducted in a large glass jar con- 
structed like a hat with . a broad rim. A thick piece of plate 
glass was well luted to the rim by a band of putty about two 
inches broad and a quarter of an inch thick. A small hole, about 
half a line in diameter, was bored in the centre of tim plate, 
through which a flue platinum wire was passed, and upon which 
wus suspended the leaf or cotton-wool &c. The wire wus attached 
to one of the pans of a delicate balance, and, except when the 
s|jeeiiiien was required to be w^eighed, the hole was plugged 
with putty. The latter was removed at intervals, so that tlie 

*** Ann. des Sci. Kat. 5 ser. tuiue xii. 1861’*, p. 5. 
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leaf &c. could be weighed while still remaining witbin the glass 
jar. A layer of water covered the bottom of the jar ; and a wet- 
and a drj-biilb thermometer were suspended within it ; the 
mercury was ahvays exactly at the same height in both of them. 

The jar was either exposed to diliused light, or else entirely 
excluded from ligh^-hy means of oiled cloth. 

The following is a selection of experiments to re|}reseiit three 
types of foliage. 

In the following cases, selected out of several, it will be 
observed that as long as the plants were exposed to diffused 
daylight, they continued to lose w^eight, although the atmosphere 
was apparently perfectly saturated all the time 


B ifx us sempervirens. 



■\Teight in 
grammes. 

Loss per cent. 

Temp. (W. & D.). 

’ J Illy 9th. 



O 

8 A.sr. 

3 24<,) 



67 

S P.3I. 

3155 

•973 

71 

O » 

3*085 

*221 

73 

10 „ 

3035 

1*626 

69 

July iUth. 

8 A.M. 

3*045 

t *032 

! 67*5 

1 P.M. 

3*03o 

•032 

1 71 

10 „ 

3*005 

•098 

! 71 

July nth. 




8 A.M. 

3*115 

t -360 

70 

6 P.M. 

2-950 

5*296 

75 

July 12th. 




8 A.M. 

2*965 

t -050 

71 

1 P.M. 

2*965 

•OiJO 

71 

0 „ 

2*945 

I -067 

72 

10 „ 

2-955 

1 t -033 

70 

July 13th. 

8 A.M. , 

’ 2*980 

t *084 

m 

2 P.M. 

2*955 

: *083 

^ 71 

5.30 P.M. 

2*905 

: *016 

76*5 

10 P.M. 

2*920 

t *051 

67 

J uly 14tli. 




8 AM. 

2-940 

1 1*369 

66 

6 P.M. 

2-925 

5*102 

69 

July 15th- 




8 A.M. 

2-960 

tlT96 

67 

6 P.M. 

2*950 

•034 

68 

July 16th. 




8 A.M. 

i 

2*960 

t -036 

67 


^ The reader’s attention is called to the instances of no loss by a ^ and 
a t represents a gain. In all other instances the numbers represent a loss 
per cent, of the entire weight of the leaves under examination. 
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Ligiisfriun vulgare. 



Weight in 
grammes. 

Loss per cent. 

Temp. (W. k B.). 

August 4tl], 

8 A.M. 

2-965 


71 

10 P.M. 

2-795 

•576 

66 

August 5tli. 




8 A.M. 

2-795 

* -000 

66 

1 P.M. 

2-705 

-106 

6S-5 

6 „ 

2-700 

■017 

67 

12 » 

: 2-770 

t -030 

64 

S August 6tli. 




S A.M. 

I 2-770 

* -000 

64 

4.30 P.M. 

i 2-615 

5-595 

68 

12 P.M. 

1 2-025 

t -015 

63 

August 7tb. 

8 A.M. 

i 

1 2-030 

t -019 

63 

i 1 P.M. 

i 2-610 

•076 

05 ‘5 

0 „ 

i 2-585 

*095 

04 

12 „ 

: 2-600 

t -057 

63 

August 8th. 

8 A.M. 

i 2-605 

t -019 

04-6 

6 P.M. 

1 2-565 

-153 

65 

11 » 

2-675 

t *039 

64 

August 9tb. 

1 



8 A.M. 

t 

1 2-590 

1 

t -059 

62 


Sj)iIo Mum Ji / rsutim . 



Weight in 
grammes. 

Loss per cent. 

Tomp. (W.&D.). 

July ITth. 

9 A.M. 

11 „ 

3-C25 

3*585 

1-1 

0 

65 

1 P.M. 

3-505 

*55 

64-5 

5 ,, 

3-510 

1-51 

64*5 

10.30 P.M. 

3-510 

^ 0-00 

64 

July IStli. 



8 A.M. 

3-510 

* 0-00 

64 

2 P.M. 

i 2-860 1 

I 18-51 

67 

10.30 P.M. 

1 2-700 

1 5-59 

65 

July 



8 A.M. 

i 2-700 1 

# 0-00 

65 

12 (noon) 

1 2-660 ; 

1*44 

67 

6 P.M. 

2*585 ! 

2-Sl 

67 

July 20th. 



8 A.M. 

1 2-610 1 

t -09 

i 64 

4.30 P.M. 

i 2-530 1 

3-00 

1 67 

10 P..M. 

! 2-530 1 

if 0-00 

i 

: 67 
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E^ilohhmi liirmtum (continued). 



Weight in 
gi-ammcs. 

Loss per cent. 

Temp. (W.&Dx\ 

duly 21st. 

8 A.M, 

2*480 

1*98 

0 

01*5 

3 P.M. 

2 - 4 r >0 

0-79 

62 

o 

CO 

o 

I — ! 

2-460 

* 0-00 1 

i 62 1 

d uly 22nd. 


1 

i 

5.30 P.M. 

2-350 

4-47 

63 1 

duly 23rd. 




9 A..M. 

! 2 - S 50 

* 0-00 

62 

2 P.M. 

2-300 

2-12 

64 : 


Between 6 p.m. one day and 8 a,m. on tlie following day, the 
plants very frequently either lost notliing(^), or else they gained 
weight (t). 

The author of ‘ How Plants Peed ’ says : — “ Knop found in 
one instance that a JBoriulaca^ standing overnight in a bell-glass 
with moistened sides, did not lose, but gained weight, some dew 
having gathered on the foliage ” (p. 37), That plants, especially 
when at all “ wilted,’’ to use the American term, can absorb dew 
and rain has been abundantly proved by Boucicault ^ and by 
myself t. 

In carefully examining the specimens, of course through the 
glass jar, I could not detect that the gain was in consequence 
of any visible dew upon the surface. Indeed, the amount gained 
in each case is so minute, that it could only be detected by very 
careful weighing; but the fact that the gains all occurred during 
the eTenings and nights, when the temperature fell, while the 
losses only occurred by day, are sufficient to indicate the occur- 
rence as an undoubted fact ; and while Knop only recorded it as 
an isolated instance, the above table establishes the property of 
gain as a law. 

^ Annales de Cliimie et de Physique, Mars 1878. 
t Joiiru. Linu. Soc,, Bot. vol. xvii. p. 313. 
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Soaie cotton-wool; saturated, with distilled water, and weighing 
9 ‘715 grammes, was suspended in. the glass jar as described. The 
losses ill weight w^ere as follows : — 



Weight in ’ 

granimes. 

Loss per cent. 

Temp. (W. & JD.). 

AuTeiiiber Utli. 




S AAi. 

9-716 


53 

6.30 P.5J. 
[Aoveiiiber iOlii. 

9-71U 

•005 

53 

S A.M. 

e-rcw ■ 

•010 

5() 

6) F.A. 

A’oTember lltli. 

91105 

•005 

56’5 

8 A.M. 

0070 

•035 

52 

6 r,M. 

-JfoTember 12th. 

S-060 

•010 

52*5 1 

8 A.il. i 

0-645 ; 

•015 I 

1 51 

5.30 r.M. 

0-630 

•015 ! 

1 49 

IJfoTember 13th. 




0 A.M. i 

0-615 : 

•015 

■ 49 

T r.M. 1 

KoTember 14th. i 

0-600 j 

•015 

1 47 

8 A.M. 

9*585 

1 *015 

44 

5 r.M. 

9-580 

1 -005 

46 

November loth. 




8 A..M. 

9-563 

•015 

43 

November 16th. 




S A.M. 

November ITtli. 

* 9*540 i 

1 -025 

; 40 

y A.M. 

9-525 j 

•015 

1 45 


The total loss was ’255 gramme, or on an average *0232 gr. 
per day. 

From Kov. 17th to Dec. 1st, or a fortnight, the cotton-wool was 
kept in the jar, which was completely closed during the whole 
time. On Dee. 1st it w^eighed ^*235 grammes, so that it had lost 
•0217 gi\ per day. 

A piece of sponge weighing 18*005 grammes and saturated 
with distilled water was suspended in the same manner, and lost 
w’ eight as follows : — 
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Weight ill 
grammes. 

^ Loiis per cent. 

{ 

1 Temp. (W. & B.). 

May 9 til. 

18*00.5 


i 

S, lOtli. 

17*080 

( *025 

i 5R 

j, lltb. 

17*940 

*034 

I 57*5 

3. 12th. 

17*930 

: *016 

1 ? 

,, loth. 

17*890 

*040 

1 59 

„ 14th. 

17*855 

; *035 

i 59 

» leth. 

17*840 

•015 

; 63 

„ Kith, 

17*785 

*055 

i 65 

„ 17th. 

17*713 

i *072 

^ 62 

„ ISth. 

17*705 

i *008 

1 59 


The total loss was therefore *390 gramme, and the mean loss 
per day *035 gramme. 

These two cases, several times repeated and corroborated by 
others -wbicli I need not quote, fully prove that dead saturated 
substances continue to evaporate, notwithstanding that the atmo- 
sphere in which they are suspended is apparently saturated; we 
can only conclude with Knop tliab it is impossible to maintain 
the air saturated with vajoour. 

Since the temperatures with i a the jar are constantly changing, 
the capacity of absorption must vary accordingly, and when the 
temperature rises, one can understand that the air can absorb 
more vapour, and may extract it from the substance or leaf ex- 
perimented with as well as from the w^ater at the hottom of the 
jar. But when the temperature falls, it is not so easy to see 
why cotton-wool or a sponge should still lose moisture. Such, 
how’ever, is evidently the ease. 

A point to notice in these experiments is that while living 
specimens gained weight at night, dead substances never did so, 
but Imt weight under all cireinnstances. Thus, when the glass 
jar was entirely excluded fron3 light, and a piece of cotton-wool 
saturated with distilled water, ^weighing 8*670 grammes, wns 
suspended within it for seven days, it lost *165 gramme, or 
*022 gr. per day. It would seem, therefore, that the power to 
absorb tbe vapour of water must be regarded as a property of 
living protoplasm, since dead cellular tissue (as cotton-wool) 
entirely failed to do so ; and this furnishes an additional differ- 
ence betw'een living and dead organic structures. 
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A EeTision of the Genera Microstylk and Malaivh. 

By tL N. Eidley, ALA., E.L.S. 

[Eead 16th June, 1887.] 

The genera treated of in tliis paper, together with Oheronia and 
Lipark^ constitute a fairly natural group of Orchids, the Jia- 
laxidece, Mr. Bentham, in ‘ Genera Plautarum/ iii. p. 465, 
separates the group into Malascecs^ comprising Malaxis and Ml- 
erostylis, and LipariecB^ including Oheronia^ Liparis^ Flatpclinis, 
CaIppsOj OreorcMSj Corallorliiza^ Tipularia^ Aplectrum^ and Hexa- 
lecfris. Dr. Phtzer, in his recently published ‘ Eiitwurf einer 
naturlichen Anordoimg der Orchideen,’ expels from the section 
the last tliree genera and FlatijcVmis^ referring the latter to the 
neighbourhood of Gcelogijne and J^holidota, Sexalectris to that of 
Bleiia^ Tlpularia and OreorchiB to Bhajinece. BphippiantJius, 
which Air. Bentham refers to Liparis^ seems to me quite distinct 
generically, and more nearly allied to Cahjpso* Oheronia has 
been added by Professor Eeicbenbach to the genus Malaxk \ and 
in this he has been followed by a few botanists. To me, how- 
ever, it seems quite distinct in its habit, distichous leaves, and 
cylindrical spikes of flowers, which more resemble those of some 
Asiatic Microsfgles than those of Malaxis, I should class it, 
therefore, close to Microstylis, 

I believe the best and most natural way of classifying the 
Mahxidem is by the column. Malaxis^ Microsiylis, and Oheronia 
possess a short thick column and flowers with the lip uppermost ; 
w'hile in Liparis^ Calypso^ JEpldppiantlms^ OorallorJiiza, and Ore- 
oreJiis the column is long and slender, and the flowers emA. 

The relations of the two genera MicrostyUs and Lipark are 
very interesting. Both occupy nearly the same area, occurring 
in almost all the regions of the world, temperate and tropical, 
though the latter genus is far more abundant, and consequently 
somewhat more widely spread than the former. In all the spe- 
cies of each genus the characteristic form of the flower keeps 
true ; so that there is never any doubt as to which genus any of 
the plants maybe referred ; but the vegetative organs show very 
distinct adaptive modifications in diiferent climates and loca- 
lities. Wliat is very remarkable is that the same modifica- 
tions in both genera seem to be characteristic of a region ; so 
that we find in the same region species of both Mierodylk and 
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Liparis resembling each otlier in yegetixtive organs. Tims, in 
the Himalayan Mountains we baye Liparis afropni'pi&rea, with a 
swollen stem covered with pale sheaths, and terminated by a tuft 
of thin membranous leaves, as in Microsiylis JVallichii from . the 
same region. Lparis elliptica lias a solitary, erect, oblong leaf, 
and a short stem with an abruptly swollen |.‘seudobiilb, very 
similar to that of Micro^iti/lis calpcina. Still more striking are 
the resemblances between Lipctris acutissima and Microstylis 
Godefroijm, both from Siam; Li2)a7'is purpuraseens from Mada- 
gascar and Microstplis stelidostachpa from the Comoro Islands ; 
Liparis h'achjstalix and Mierostplls cmdeseens from the Andes 
of Ecuador. So peculiar are some of the modiheations, that it is 
often possible to guess from vegetative characters alone from 
xvhich region a plant has come. The section GoriifoUm of 
Liparis is, however, not at all represented in Microsiylis, I am 
inclined to think that Ohero/iia,^ which occurs over tlie same region 
as the thiidv-leaved Liparids, takes its place. 

Amlrocliilits^ a moiiotypic genus from Mexico, described by 
Liebmann in ‘ Forh. Skand. Hatiirf. Mode,’ iv. p. 197, is referred 
by Mr. Bentham (Gren. Plant., Addenda, p. 1225) to the geims 
Lipaj'is without his having seen a type-specimen ; but on reading 
carefully the author’s long description, it seems to me that tbe 
plant intended was one of the JSFeottiece. ’ For I do not know any 
Malaxideous plant that has a pubescent scape, ovary, and bracts 
or linear clavate pollinia, or a fasciculated root, while adnation or 
connivence of the posticous sepal with tlie petals is at least 
extremely rare, and possibly only accidental in this group. All 
these characters, however, are common in the Meottiem ; while the 
peculiar structure of the stamens as described by Liebmann may 
be due to a misiuterpretation of the anther of such a plant as 
Spirantlies. Gastf^oyloftis, Blume (Bijdr. p. 397), may possibly 
belong to this section of plants ; but his description is quite in- 
sufficient to determine what wms intended, and I have seen no 
type. G. montana,^ Fubl and Hasselt, inFeicbb. f. Xenia Orch. 
ii. p. 96, t. 129, seems ceriainly no Malaxid, but more resembles 
Fholklota, 


Miceosttlis. 

The habit of a typical Microstylis is, as has been said, very 
much that of a typical Liparis, There is a shorter or longer 
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stem, swollen after flowering into a psendoljiiib and coTered 
witli one or more loose white membranous sbeatlis. The rhizome 
from whieli these pseiidobulbs rise is usually very short, and 
emits hut few roots. It is never so long as it is in several 
Liptirifls, such as L. nej^alensis, ^Ilcrosfiflk commel Ini folia has 
creeping stems entii^ely covered with alternate leaves, from the 
axils of which the scapes arise. It grows in tluck masses, and, 
as its Ba-ine denotes, resemhles much a Coimnelinaceous plant. 
JJ. catilescem has also a creeping or prostrate stem covered 
with narrow subereet leaves, quite unlike anything else in the 
genus. 

Leaves. — Tlie number of leaves on a plant varies from one to ten. 
The small green-flowered Bienias of South America possess no more 
than a single leaf, though the sheaths of the stem are frequently 
green and foliaceous. Many species have two leaves, which are 
often a little distant apart. In ilf. BJieedii and some others the 
more numerous leaves are scattered along the whole length of 
the erect stem ; but usually in the Crepidmm section the leaves 
are clustered in a whorl at the top of the stem, which is covered 
below by mere sheaths. In J/. commelmifolia and M. eaulescens^ 
as has been said above, the long stems are entirely covered with 
numerous small leaves. The form of the leaves is elliptic, ovate, 
cordate, or lanceolate, with a sheath at the base, between which 
and the lamina there is often a short petiole. The texture is 
thin and membranous, the edges often crisped, especially in 
the section Crepidhim, in which also they are commonly very 
oblique. When there are several leaves, they are usually very 
unequal in size and often dissimilar in shape, the lower ones being 
much smaller, and often rounder and blunter than the upper 
ones. Some species of the section Vrepidium^ especially those 
from Borneo and the neighbouring islands, are remarkable for 
the beautiful colouring of their leaves. M. mefallica has its 
leaves, pseudobulb, and scape of a dark purple-red colour highly 
polished. In Jf. ealoph/IIa the centre of the leaf is olive-brown, 
and the edge bright green with transverse streaks of olive- 
brown. 

Tbe scape is usually erect and slender, often angled and shortly 
winged ; the lower part (usually from a third to a half) is nude, and 
above the flowers are amnged in a lax or compact raceme or 
spike, or, as in the section JTmbelhdatcs. in an umbel at the top of 
an entirely nude stem. In the section Fedilma the pedicels 
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are very short; so that the flowers are almost sessile, and are 
densely crowded into a slender cylindrical spike. In the Soiith- 
American Bienias and the Crepidiums the pedicels are usually 
slender and elongate, the flowers fewer and more distant. The 
hracts are almost always shorter than the pedicels, very rarely 
equal to them in length, and usually very much shorter. They 
are persistent, and often become deflexed after flowering. 

The floAvers are always small, and often minute, very seldom 
more than ^ an inch across, and usually numerous. The largest 
are those of If. tipidoidea and If. Josepliiana. The lip is always 
uppermost in the genus, owing to the fact that the pedicel and 
ovary are not twisted, hut retain the normal position. In Liparis 
this position of the flowers is rare, and is almost exclusively 
eonflned to the section Hlaiifsfplis, winch, it is interesting to note, 
has also a short and thick column. I do not, however, think that 
this section is closely allied to Microstylis^ but am rather inclined 
to consider this correlation, i. e. of the lip uppermost with a short 
column, to hear some relation to feidilization. 

The colour of the flowers is commonly green, but yellow, livid, 
purple, and dark-crimson flowers also occur, especially in the 
section Crepidmm. Perhaps the showiest are those of MIgto- 
stplis Mlieedii, in which they are of a dark but translucent crimson. 
In Jf. mrsicolor and M, discolor the flowers, on opening, are 
bright yellow, becoming bright red on withering. 

The sepals are usually broader than the petals, very rarely a 
little narrower, oblong or oblong-lanceolate or ovate, blunt, and, 
like the petals, with revolute margins. The two lateral sepals 
are often falcate and oblique, and then usually much broader than 
the dorsal one. They are in this case opposed to and often longer 
than the lip, and are very liable to become connate for a longer 
or shorter distance. _The petals are narrow linear, and, like the 
sepals, usually spreading or abruptly recurved. The lip is ovate 
or ovate-lanceolate, orbicular, or sometimes oblong, entire, or 
lobed, or (in the Mieeiii group) laciniate. In a large iiumber of 
species the hind margins are prolonged behind into longer or 
shorter lobes (auricles), which in some eases meet behind, so that 
the column appears to emerge from the centre of a circular lip. 
In almost all the species there is a shallow depression, the fovea, 
which appears to be a source of attraction fco the fertilizers. 
Three veins, which are usually conspicuously thickened, run 
divergently from the base of the lip. In the Bienias two of these 
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either form the edjj^o of the fovea or run just inside of it, while 
tlie third traverses the centre, disappearing at the end of the 
fovea. Ill some of the Crepidiiims the two lateral veins only are 
observable ; they run on either side of tlie fovea, arising from, a 
basal callus, which is often bifid, showing its double origin 
(Jf. versicolor &e.). 

The column is usually very short and thick ; rarely, as in 3£. ver~ 
sicohr, it is more elongate, narrowed at the base. The stelidia or 
column-wings are either short acute teeth or broader blunt lobes. 
They are frequently, in tbe section Orejndiim, coloured bright 
emerald-green, forming a contrast with the purple lip. The anther- 
cap is depressed conical, with a short beak in front. It is somewhat 
firmly attached to the filament, so that it is commonly present in 
herbarium specimens, which is not the case in Lqyaris, where the 
anther-cap is almost or quite free when the flower is open. It 
is quite possible that this firmer attachment in Microstylis may 
bear some relation to the position of the flowers ; for if the 
anther-cap were free in flowers with the lip uppermost, it would 
run a great risk of falling off at once on the opening of the flower, 
and carrying the pollinia with it. 

Tbe pollinia are four in number, oval, attached by the apex, 
but without any gland or caiidicle. The stigma is small and oval 
or almost semilunar, and shallow. 

The ovary is six-ribbed, tbe sterile valves being usually nar- 
rower and more projecting than the fertile ones. In II. myunis 
aud some others the ribs are sinuate and knobbed in the fruit, but 
not in the flower ; wdiile in II. congesta the sinuation visible in 
the young ovary disappears as the fruit ripens. The capsule is 
oblong or elliptic oblong in outline, very similar to that of Liparis. 
During fruiting the pedicel thickens, and often elongates. The 
fruit always remains erect, and does not curve dowmwards as in 
some of the Liparids. 

FertiUzaUo7i . — There seems to be less variation in the attrac- 
tions for the fertilizers in Microstylis than in Liparis. The base 
of the lip is depressed, as has been stated, and the three veins 
which run from the base respectively form the margins and tra- 
verse the centre. These I have sometimes found nibbled across 
as if by some insect, and are evidently the attraction. In a few 
species there is a callus at the starting-point of the veins, which 
probably proves attractive. 

Tbe only observation I have seen recorded as to the fertilization 
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of any species in tlie genus is that of Prof. Barbosa Eoclrigiies(G-ea. 
et Sp. 'Nov. Orch. i. p. 29), where he says of his GJieiroi^fero- 
cepJiaJus sertulifems {MierostyJislListiondntlia)^ “ L’anthere lors de 
Fanthere est donee d’un monvement qni la redresse et fait qne les 
pollinies sont ejacniees sur le stigmatie.” If this be commonly 
the case in this species, it must be self-fertilized. The pollinia 
in most eases fall out very readily ; but as the flower is resu- 
pinate, it would fall away from the stigma towards the back of 
the column. Darwin, however, when treating of Malaosis makes 
a few remarks on the structure of jEtheediV from India (pro- 
bably M. versi€olor\ and shows that Malaais^ the habit of which 
is so similar to Mierostylis of the Dienia section, is always and 
readily fertilized by insects. 

Distribution. — The genus, as has been already said, is almost 
as widely distributed as Liparis', but it is not so abundant. 
There is a single species in Europe, which extends all through the 
north temperate zone. In the African region only two closely 
allied and peculiar species are known — one from Prince’s Island, 
the other from tlie Comoro Islands. ISTone are yet known from 
Madagascar, so rich in species of Liparis, The Indo-Malayan 
region contains a large number of species, two of which extend 
respectively as far as Afghanistan and Australia. There are 
three or four in the Polynesian Islands. In America there are a 
considerable number, including the whole sections of Umlellulatw^ 
Fedilma, and the 1 -leaved Dienias. The larger number come 
from Central America. 

Dirisions. — ^As the typical form of Microstylu may be taken 
Jf. monophyllos, a species of the widest distribution, occurring in 
both hemispheres. From some such species as this, with its 
raceme of minute green flowers and usually single leaf, the 
Dienias of South America may be derived. Some of these have 
long capillary pedicels to the flower, which in M. oplmglossoides 
of North America show a tendency to become congested at the 
apex of the scape. This modification attains its greatest develop- 
ment in the Dmbelhdaits^ in which the rhachis is much shortened 
and the pedicels so much equalized in length, that at first sight 
the inflorescence seems to form a true umbel. In the group 
represented by Jf. Massonii the pedicels are long and slender, 
and the flowers are crowded towards the end of the raceme, 
rather densely so as to form a kind of head ; but the rhachis is 
* Fertiliz. Orch, p. 134. 

LIXF. JOO'EX. — ^BOTAXY, VOL, XXIY, 2 C 
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not slortececl, and tlie flovers are larger and more rounded in 
outline tlian in tlie Dienias. In M, gracilis of tlie Dienia section 
"^lie flowers are almost sessile, witli short thick ovaries and 
pedicels. This seems almost a connecting-link with the curious 
section Fedilina, in which the flowers are almost sessile on a 
thickened rliacliis, in which are depressions to receive the very 
short pedicel. The inflorescence is thus almost truly a spike, 
very dense, the flowers almost overlapping each other. Besides 
these sections there are in South America two remarkable species 
which seem to be allied to no other known forms, Jf. caulescens 
and M. tipuloklea. In the Old World, starting again from the 
If. monopliyllos form, we have a number of species with small 
green flowers and few leaves ; Jf. muscifera is an example. From 
these we may derive the section Crepidmm of Bluine, with nume- 
rous leaves, frequently oblique, and often fewer and larger showy 
flovrers on longer pedicels, of which the true Jf. Mheeiil is a 
typical form. Jf commeliiiifolia, unaccountably referred by Mr. 
Bentliam to Flatycllnis, belongs to this section, as the form of 
its flowers shows, though its stem and leaves are quite peculiar. 
And allied to the same section are ILcm^diojdigUa mid M. stdkio- 
stacJiga, which again are aberrant both in their vegetative and 
floral organs. 


Miceosttlis, Niiftall, 

Gen. Amer. ii. p. 196 ; Lindl. OreJi. I^L p. 19 ; Oreh. Scelet. 

no. 185 ; Benth, Gen. JPIant, iii, p. 494. 

Pteroclulus, Hook. ^ Am. Bof. Beech. Voy. p. 71, t. 17. 
Dienia, Lmdl. Bot. Beg. sub t. 825 ; Orcli. Bl. p. 22. . 

Pedilea, Lindl, Sooh. Bl. p. 115 ; Orcli. Seel. no. 144, p. 27. 
Crepidium, Bhme^ Bijdr. p. 887. 

Acliroanthes, Rajin.^fide BndL Gen. p. 189, 

Malaxis sp., aiicf. vefer. — Ophrjs sp., aucf. vet. 

Monorchis, Menfzel, Bug. t, 5. 

§ Bieniw Americancie . — Polium singulum. 

Plores mioimi dissiti in raeemo longo, pedieellis longiusculis. 
Pedicelli capillacei 4 millim. longi. 

Fiores virides. 

Folium ovatnm cordatum. 

Labelium lanceolatum triangulare. 2. maiantlieniifoUa, 
Labellum subtrilobum 8. cor data. 
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Poliim cordato-oblongum 4 . ichtlii^orrli^nclm. 

Eolium ellipticum obtusum. 

Labelluoa auriculatiim 5. araclmifera, 

Labelluitt exanticulatiim 1 . momjpliylhs, 

Eiores purpurei 6 . porpliyrea, 

Pedicelli brevissimi yel subnullij crassi . . 7. gracilk. 


§ Spicat^e , — Elores majores versus apieem racemi congesti, nee 


umbellati ; folia 2-1. 

Sepala lateralia eonnata. 

Labellum cordatum apiculatum ...... 9. Warmingii. 

Labeliuni orbiculare undulatuin ...... 8. disepala. 

Sepal a omnino Ebera. 

Labellum ovatum cordatum 10. floridana. 

bastatum angustum 13. Massonii. 


orbiculare reniforme marginibus siiiuatis. 

11. Totundata. 

trilobum, lob 0 medio longiore. 12. spicata. 

§ TImleUitlafce , — Scapus omnino nudus usque ad racemum brevis- 
simum, fiores in pedicellis longis corymbosi parvi virides. 
Labellum integrum exauriculatum. 

Labellum ovatum acuminatum. 

Sepala labello vix longiora ........ 20. fastigiata, 

Sepala labello multo {i. e, 1 millim.) longiora. 

21. longisepala, 

Labellum obspatbulatum 22. corymhosa, 

Labellum integrum auriculatum, 

ovatum acuminatum angustum bemispbjBricum ; 
cauHs in vagina ventricoso incluso. 

23. vmtricosa, 
vagina ventricosa nulla. 24. riipestris. 
ovale cordatum transversum . 25. hmchgstaahgs. 

ovatum rotundatum, 

glabrum; plantamagna. 26. ImUonantlia, 
pubescens ; planta minor. 

27. puhescem. 

rbomboideum ; bractem longsB. 28. crispifoUa, 
oblongum j bractese breves . . 29. andicola, 
lanceolatum efoveolatum .... 30. Mbritzil 
Labellum apice trilobo. 

Flores in scapum plus minus dissiti . . 14. 02}7mgiossoides. 

2c 2 
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Mores vero corymbosi. 

Lotus medius labelli miilto longior . . 15. imilellulata. 
Lobi omnes sub^equales, breves. 

Lolia patulaangusta acuminata 16. mmcasana. 

Poiia late ovata. 

Labelliim ambitn subquadi’atum . ... 17. hmtilabia. 
ovatum acuminatum ; 
linear callosse integrse. 18. dmillima. 
linesD eallossB dentieulatae. 

19. lagotw. 

§ Fedilma , — Mores in raeemo densissimo ferme sessiies. 
Labelliim apice integro aeuto. 

Lolium 1, ovatum 31. cahjcma. 

Eolium 2, ianceolata 32. mgurus. 

Labelium apice bilobo 33. macrostacJiga. 

Labelium apice triiobo, lobo mediano 

minuto 34 j. montma, 

§ Tipudoidea , — Elores major'es. Labelium. f unciam longum. 

35. tipuloidea, 

§ Oauleseentes , — Caulis elongatus uiidique foliatus repens. 

36, caulescens. 

Geronfogece , — Folia 1~2, oblonga. 

Flores minimi, in raeemo laxo breviter pedicellati. 

Folium iinum, raro 2, ovatum, fiores 


aggregati 1. moiiojiJtgllos, 

Folia bina, Ianceolata, fiores laxi .... 37. muscifem. 

Flores dense aggregati ; labelium inte- 
grum 38. cglindrosiacJiga. 

Labelium bilobum 39. Godefrogi. 

Folia plura congesta. 


Flores minimi dense congesti, scapo infra undo. 


Labelium ejmbiforme, apice trilobo. 40. congesta. 
Labelium integrum auriculatum . . 41. himrita. 
Flores majores. 

Labelium integrum ventricosum . . 42. Josephiam. 

Labelium sagittatum acutum 43. BnrUdgei. 

Labelium ovatum acutum ' 44. discolor. 

Labelium bifidum. 

Braete® pedicellis brevibus ferme SBquantes. ' 

-IG. hiloha. 

Fedicelli bracteis multo longiores . . 47. Wnllicliii. 
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Labellum trilobum. 

Lobns medius integer. 

Polia lata in apicem eanlis eongesta; 

lanceolata 48. carinata, 

ovata plicata 49. oculata. 

Polia aognstiora in caule dissita. . , . 50. polyphylla. 

Lobus medins bifidus. 

Canlis foliis dissitis tecfcns 51. taimna. 

Folia in caulis crassi apicem eongesta. 

Flores purpurei 52. im^'purea, 

Flores virides vel flavi. 

Lobns medianns labelli vix iiliis longior. 

53. calo^liylla, 

Lobus medius multo longior . . 54. ehloro^lmjs, 
Labellum apice dentato. 

Caulis subrepens ; foliis dissitis nunq^uam bulbosus. 

Flores magni rubri speciosi ...... 59. Blieedii, 

Fiores parvi davescentes 60. hancana, 

Caulis pseudobulbosus. 

Folia apice eongesta viridia. 

Flores flavi morientes rubri sub 

antbesi congest! 61. verdoolor. 

Flores dissiti aurantiaci. 

Labellum trilobum 55. segaaremis* 

Labellum non trilobum 56. Veiitilabrum. 

Folia purpurea nitida 57. metallica. 

Caulis pseudobulbosus ovalis parvus. 

Folia e basi angusta erecta. 

Scapus basi nudus. 

Labellum dentatum bilobum 62. 'pratends, 

Labellum dentatum integrum .... 63. luteola. 

Labellum erenulatum 64. eremlata, 

8capus omuino racemosus. 

Bracteee patentes persistentes 65. lancifolia. 

Caulis repens folia ovata petiolata undique tectus. 

68. commeUmfolia. 

Jfrican(S , — Folia ovata petiolata pauca dissita ; flores parvi 
rotundati. 

Labellum integrum 66. eardiopliylla. 

Labellum bilobum 67. sfelidostachga. 
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§ Dienia. 

1, MiCEOSTTiiis MOisroPHTLLOS, Lindl. 07'cli. PZ. p. 19 ; Beiclih. 
Ic. Fhr. Germ. xiii. p, 163 ; Megel^ Ind. 8em. Sort, Fetro^. 1878 ^ 
p. 18 ; Grag, Manual JBof. ed. 5, p. 509 ; Torrey # Gray, FL 
W. York, p. 268 ; Irmiseli, in Mora, 1863, p, 2. — M. dipJiyllos, 
Findley, Orcli. FI. p. 19 ; Fegel, Ind. Bern. Sort. Fetrop. 1868, 
p. 79. — M, braclijpoda, Asa Gray, in Ann. Lye. New York, iii» 
p. 228. — M. Gmeiini, Lindl. Orch. FI. p. 11. — Ophrjs nionO“ 
pbylios, Linn. Bp. FI. ed. i. p. 947. — O. pov6<pvKKos bulbosa, 
Loesel. Fr. Fruss. ed. 1703, p. 180, t. 57. — O. latifolia, Linn. FI. 
Buec. ed. ii. p. 316. n. 811. — 0. lilifolia, Linn. Bp. FI. ed. i, p.946. 
— 0. scapo nudo etc., Shret, in Fldl. Trans, liii. (1764) p. 81, 
t. 4. — Epipactis folio unico etc.. Sail. Sist. Btirp. Seh. p. 151, 
t. 38. — E. monopbyllos, F. W. Bchnidt, in Meyer, FJiys. Aufs. 
1791, p. 245, t. iii. — ^IMalaxis mouophylla, Bwartz, FL Ind. Occ. 
p. 1443 ; BtoekJi. Nya Saiidl. xxi. 1800, p. 234 ; Gen. ^ Bp. Orcli. 
p. 69 ; WiUd. Bp. FI. iv. p; 90; Walileiib. FI. Buec. ii. p. 561.— 
M. dipbyllos, Cham, in Linncea, iii. p.34. — Monorcliis opMoglos- 
soides, Mentzel, Pugil. t. 5, j&g. 2. 

Ebizoma breviter repens, pseudobulbus ovatus, yaginis laxis 
membranaceis albescentibns tectus, l-UHcialis ; folium singulum 
raro bina, ovatum ellipticiim obtiisum flaccidum, 2 iincias longam, 
I unciam latum ; scapus gracilis angulatus, 3~6-imcialis, ditnidio 
uudo ; flores minuti virides copiosi, pedicellis ^-uncialibus, 
bracteis lanceolatis acutis longioribus ; sepaia lanceolata obtiisa ; 
petala liuearia augiista ; labellum ovatum cuspidatum, margini- 
bus uotmunquam crispulis, carnosulum, concavum, liiieis medi- 
auis tribiis, auriciilis nullis, basi autem excavata; colunina brevis 
crassiuscula, apice dilatato, clinandrio lato ; antbera majuscula ; 
stigma grande ovale ; capsula elliptica oblonga erecta, unciam 
longa. 

Europe : 17orway, Sala, Ahlberg 1 Billen ! Fries, Seri. Norm. 
no. 62. Eiissia : 'M.o^m^,Bieberstein ! ; Ingria, MeinetslLausen, FL 
Ingr. no. 627!; Shitomir, Goldel; Eeval, Bussowl; Porpat, 
Lehmann ! ; Oesel, Heiligensee, Lehmann 1 ; Chudkigb, Gnmer ! 
Switzerland : Lauterbruuuen, Gutlmick ! : Untersberg, Soppe ! ; 
17eustadt, Ftichholz ! ; TJnteriicbsberg, Bcholtz 1 Tyrol, Lowen- 
stein Mt., Foemer\\ Oetzmubi-Oetz, Auerswaldl Styria, 
Gralmayr I 

Asia : Kamtsebatba, Awatseba Bay, Beemami I 

N. America: Micliigan, Hubbardstown, Wheeler ^ BmitJi. 
Eairfield, Herbonier eo., Sadley. Bridgewater, Oneida co., 
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Gray ^ Bradley* New York, Asa Gray ! Nortliumberlandj 
W. Canada, Macoun ! 

2. Miceostxlis maiakthemipolia, BeicJib.f.in Brnfiaa^xju* 
p. 831. — Malaxis maiantliemifolia, BehlecM* ^ Qham, in Limwa^ 
vi. p. 59. 

Planta pnsilla, eaulis brevis uncialis, basi incrassata, vagina 
pallida membranacea lanceolata laxa tecta ; folium singnlnm 
ovatnm aciitum cordatum patens, scapum amplectens, 1| nncias 
longuin, nncias latum quo latissimum, margine pallido ; scapns 
gracilis erectns, 4-uncialis, basi breviter nuda ; raeemiis laxus 
multiflorus ; dores minimi virides, pedicellis tenuibus, 4 moi. 
longis, suberectis ; bracteae lanceolatse acumiuatse minimm; sepa- 
Inm posticiim lance olatum acutum, lateralia erecta lanceolata 
obliqua, plus minus connata viridia, linea mediana obscuriore ; 
petala lanceolata, sepalis mulfco minora ; labellum quam sepala 
brevins lanceolatum triangulare acnminatuin acutum, basi latiore 
incrassata, fovea mediana, apice tenuiore, auriculis nuUis. 

Mexico, Xalapa, ScJiiede ! 

3. M. COEBATA, UeiGlib* f. in Waly. Ann. vi. p. 207. — Bienia 
cordata, Lindl. Bot. Bey. 1838, Misc. 124. 

Pseudobulb us globoso-conicus brevis superne in caulem 3 
uncialem atteniiatus ; folium singulum exacte cordatum acutum 
erectuin tenue, 1| nncias longum, 1| nncias latum ; scapus gracilis 
erectns 7 -uncialis ferme cmnino floriferus ; iores eopiosi parvi, 
virides ; pedicelii tenues |--unciaies ; bracteae minutae lanceolatae 
acuminatae acutae erectae nec deflexae ; sepalum posticum iaiiceo- 
latum subobtusum, |-iinciale, lateralia latiora ovato -lanceolata ; 
petala linearia angusta ; labellum subtrilobum, basi lata ex- 
auriculata, iobi laterales rotundatae, medio longiore lanceolato, 
subobtuso, sepalis lateralibus ferme sequale ; fovea baud profunda 
costa elevata antice ; coiumna brevis, stelidia minima. 

Mexico, Barker I 

4. M. icnTHXOEEHracHA, Beiclib* f Beitr. zur Orch. kunde^ 
p. 99, — Malaxis icbtbiorliyncba, Blch. ^ Gal. in Ann. So. Wat. 
1845, p. 18. — ? Microstylis cocMearifolia, Beiolib. f. in 

xxii. p. 804. — Malaxis cocblearifolia, Bicli. ^ Gal. 1. c. 

Caulis gracilis monopbyllos, l|-3-poliiGaris ; folium sessile 
ultra unciam longum cordatum, unciam latum, oblongum acutum ; 
racemiis elongatus, basi dimidio nudus laxiusculus ; Acres albi, 
iis M. mompliylli paudo majores ; bractem minutissimse triangulm 
ovariis longe pediceliatis longe breviores ; sepalum posticum tri- 
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aDgiiluia angustum 5 sepala lateralia conuata varie tissa binervia ; 
petala a latiore basi lineari-ligulata uninervia ; labellum sagit- 
tatuiii oblongum triangulum, linea callosa marginante ante 
apieeiii inciirrente. 

Hiiatiisco, Costa Eica,' Volcano de Barba, WencUancl. 

I do not know tin’s species, wbicli seems to be closely allied to 
M, maumthemifolia, but differing in tbe shape of its leaf, wliieli 
is ovate and acute in the latter. The value of the connation of 
the two lateral sepals I am not certain of ; it is apparently irre- 
gular in amount in this species, and I expect is really abnormal. 

5. Micbostxlis aeachnifeea, n. sp. 

Canlis 3-uneialis, gracilis, hasi vix incrassata ; folium singulum 
siihereetum basi amplectens lanceolatum obtnsum, 2 iincias lon- 
guin, I iiiiciam latum ; scapus debilis, 4-6-uncialis, angulatus, basi 
brevi nuda, superne laxe racemosus ; flores minimi copiosi dissiti 
virides ; pedicelli tenues 4 mm. ; bractem minimse lanceolatm ; 
sepala linea ri a angusta acuta ; petala angustissima linearia bre- 
viora; labellum hastatum acutum, auriculis maiiiscaiis rotundatis ; 
fovea nulla, lineis medianis 1-3 ; colurana pro fiore grandiuscula ; 
anthera majuscula oblonga. 

Blexico, Capt, Lyon ! Sierra Madre, N.W. of Mexico, See- 
mcmn, 1957 ! 

6. M. POEPUXEEA. — M. purpurea, S* TFats, in Proe, Amen. Aead. 
xviii. 1883, p. 195 ; Oontrih. to Amen. Bot. xi. p. 195 (non LmcIL). 

Caulis 5-iincialis, basi paullo jjseudobulbosa, vaginis obtusis 
piirpurascentibus, tectus ; folium singulum oblongum vel ovatum 
oblongum, acutiusculiim, 3 unciaslongum, uneiaslatum; scapus 
basi I nuda, superne laxe racemosus, 7-9-uneialis ; dores minimi 
purpiirei, pedicellis gracilibus, 1 ~ 1 *| lineas longis ; sepala linearia 
oblonga, lineas longa; i)et ala angustiora linearia brevi ora; la- 
bellum hastatum triangulatum acuminatum, fovea nulla, basi con- 
cava, linea elevata in medio ; auriculis minimis rotundatis ; columna 
grandiuscula, stelidiis obtusis rotundatis; capsula rotundata ovata, 
2 lineas longa, siibereeta. 

S. Arizona, Tanner's Canon, Iluaehuca Mountains, Lemmon, 
no. 2S81 1 Dr. Sereno V atson very kindly sent me a drawing*' 
and flowers of this plant. 

It is Ignite possible that this plant may be the species intended 
by Prof. Eeichenbach under the name of AT. MJirenhergii. His 
description, however, is insufficient to identify it with certainty, 
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and I am unwiiliiig to unite tbe two. M. Mirejilergii is de- 
scribed as having a “ labellum oblongiim acutum gibbere 

acuto in media parte basilari.” M. •por’pliyrea has no distinct 
fovea ; the lip is concave at the base, but not saccate, as in some 
other species. 

I quote the description of Jf. JEhrenlergii for comparison, — 
Jf. JElirenbergii^ Eeichb. f. in Linnsea, xxii. p. 835. — Caulis 
basi vaginatns, medio monophyllo ; folium oblongum, basi et 
apice attennatnm ; racemus plurimiflorus ; bractese ovatse sen 
oblongsB acutse l-3-nervi£e, pedicellis breviores; Acres postici, 
atro-pnrpurei ; sepak oblonga acuta; petal a linearia; labellum 
oblongum acutum, basi dilatatum ima basi biaurito ; aiirieulis 
minimis nunc obsoletis, gibbere acuto in medio parte basil ari. 

“ Mexico, Eeal del Monte, T^hreiiberg T 

7. Miceostylis geacilis, n. sp. 

Caulis gracilis, 3-uncialis ; folium singulum erectum oblongum, 
Ig unci as longum, | nnciam latum; scapus 4-uncialis, dimidio 
iiudo, gracilis ; flores minimi dissiti, pedicellis circiter 1 mm. longi; 
bracte 83 lanceolatje brevissimse, pedicellis mquales ; sepala ovata 
acuta, posticum quam lateralia majus ; petala linearia acuminata ; 
labellum sepalis brevius ovata cuspidata subacuta, fovea majus- 
cula nec profunda aurieulis subnullis ; columna brevissima, steli- 
diis dentiformibus. 

Guatemala, Amazola and Tinula, at 1700 feet, 14tli July, 1882, 
Lehmmny no. 1846 I Yery rare. In Herb. Brit. Mus. 

§ Bgicatcs. 

8. M. nisEFALA, Beichb.f, in Ijinnma^ xxvi. p. 142. 

Caulis cylindraceus, pseudobulbosus poUicaris, vaginis membra- 
uaceis oblongo-trianguiis vestitus ; folia evoluta bina e vaginis 
liiiearibus in laminas orbiculares acutas dilatata ; scapus elongatus 
7-pollicaris angulatus, apice clavato racemoso ; bractese lineari- 
lanceolatse brevissimse ; pedicelli elongati; flores colore terreno; 
sepalum posticum lanceum triangulum obtusiuscuium, lateralia 
connata oblonga, apice bidentato ; petala linearia circinnata ; la- 
belluin orbiculare, basi obtusissime cordatum, margine obsole- 
tissime undulato lobulato, basi foveata ; columna minuta, rostello 
tridentato. 

Venezuela, near Curucuti, 2000-3000 feet alt., Wagemr^ no. 134. 

This seems to be very near Jf. rotandata^ but apart from the 
connate lateral sepals, which may be accidental, the petals iu that 
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species are spatliulate aad not linear, and the single sepal is ovate 
and not lanceate triangular. 

9. Miceosttlis WAEMi^fGii, BeicJib. f, Otia Sarnia p. 94 ; 
Warming, Aftr, Yidenslc, Meddel. Nat. Jdoren. 1883, p. 843, t. iv. 
fig. 5. 

Prop© bipedalis ; folia ad 6 insequalia usque 2 pollices lata, 
3| longa, petiolata elliptica obtusiuseula, sicca subcuprea ; scapus 
7-aiigulatus, omnino supra folia usque ad inflorescentiam nudus ; 
racemiis ampins eongestus, 3-uncialis ; bracte^ seinilancese, uni- 
nerves, pedicellis subsequantes ; sepalum posticum oblongum 
lanceolatum subobtusum, marginibus revolutis ; lateralia falcata 
obtusa (ex icone), basiconnata (an semper ?) labelluiii multo su- 
perantia \ petala linearia angusta ; labellum cordatum apieulatum 
subobtusum, auriculis brevibus latis rotundatis, fovea distincta ; 
columna brevis, dentibus brevibus acutis. 

Brazil, Lagoa Santa, Warming. 

10. M. ELORIDA-M, Ghagman, M. S. Jin. States, p. 454. 

Caulis gracilis, S-uncialis, basi serins incrassata ; folia bina 

dissita ovata vel elliptica petiolata, subacuta, insequalia suberecta, 
lamina maximi, 2 uncias longa, unciam lata; petiolus l~lf 
uiicias longa ; scapus gracilis ad 8 uncias longus, basi longe nuda ; 
racemus laxus ; flores plures parvi ; bractese lanceolatse acutce ; 
pedieelli tenues |-unciales, suberecti patuli ; sepala lanceolata 
oblonga, patentia marginibus revolutis ; petala linearia torta ; 
labellum ovatum cordatum abrupte apieulatum; auriculis rotun- 
datis eurvis obtusis ; fovea rotundata majuscula depressa ; columna 
brevis ; capsula oblonga elliptica suberecta, J unciam longa. 

l^ortli America, Apalachicola, Florida I 

I have to thank Dr. 8. "Watson for sending me a tracing and 
flowers of this very rare plant. 

11. M, EOTTr]SVDATA, B. Sp. 

Caulis gracilis, Ig uncias longa, basi pseudobulbosa incrassata, 
I unciam longa ; folia bina valde insequalia ovata cuspidata breviter 
petiolata, reticulata, maximum 1 J uncias longum et latum ; scapus 
erectus, 6-iincialis, basi longe nuda, apice raeemoso ; flores plures 
parvi, I unciam lati, verosimiliter fliavescentes, pedicellis gracilibus 
|-uiicialibus ; bractem minimse laUceolatge subacutse, vix | pedi- 
eelii ffiquales ; sepalum posticum late ovatum obtusum, lateralia 
angustiora obtusa; petala his ferme mqualia subspathulata 
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obtusa ; labellnm late rotandatum reniforme crenulatum obtusuni 
fovea depressa rbomboidea ; coliimna grandiusciila. 

Griiadeloupe ?, 'Richardl Herb. Brit. Mus. 

A single specimen from Eiebard’s collection witbont locality 
is all tliat I have seen. Some other Orchids from the same col- 
lector and with similar tickets came from Guadeloupe. 

12. Migrostylis seicata, Lindh Gen. ^ Sp . 0?^eh. FI - p. 19 ; 
Grisel. M- Brit. West Indies^ p. 612. — Malaxis spicata, Swartz^ 
Frodr. 49 ; Flora Ind, Occ. p. 144il, t. 28. f. c ; Liman^ 
Mort. Jamaica, i. 478. 

Caulis 4i-uncialis, basi incrassata, vagina membranacea singula 
tecto ; folia bina insequalia, alterna longe (unciam) dissita ovata 
vel ovato-lanceolata acuta, vaginantia seapum amplectentia baud 
petiolata, inferius maximum 3 uncias Ion gum, 1| latum ; scapus 
5-9-uncialis, basi longe nuda ; racemus laxus vel lasiusculus 2- 
uncialis pluriflores; flores parvi plures virides, pedicellis suberectis 
|-uncialibus ; bracteas minimse lanceolatsB setacem, pedicelli | vix 
ajquales ; sepalum posticum lanceolatum ovatum acutum, lateralia 
lanceolata obtusa ; petala linearia breviora ; labellum cordatum 
trilobum,lobilaterales rotundati subobtusi, medius longior acutus, 
auriculi breves obtusissimi rotundati, fovea distiiieta profunda 
subtus vix gibbosa ; anthera omnino biloculata ; apiculis duobus 
minutus ad margines interiorea loculorum ; rostelium latum vix 
trilobum. 

Jamaica, Swartz \ Westmoreland Mountains, Fmdiel Cuba, 
Wright, no. 1696, 8304. 

13. M. Masso^stii, n. sp. 

Bhizoma validulum diu repens ; caulis gracilis, 4-uncialis, basi 
incrassata; folia bina dissita, inferius majus, late ovata sub- 
obtusa petiolata, 8 uncias longa, 2| uncias lata ; petiolus subpa- 
tuliisuncialis in vagina unciali inf erne desinens ; scapus validiilus 
erectus subteres, 9-uncialis, basi longe nuda ; racemus compactus 
2-iinciaIis ; lores plures parvi, pedicellis suberectis semiunciali- 
bus ; bractem lanceolat^e acuminatso brevissimce ; sep)alum posticum 
late lanceolatum subobtusum, lateralia angustiora lanceolata lorata 
deflexa; petala aogusta linearia; labellum hastatuin acutum, 
aiiriculis majusculis rotundatis obtusis ; columna majuscula, ro- 
stello magno. 

W. Indies, St. Christopher’s, Masson ! Bominica, Imrmj ! 
Trinidad, Crueger ! 
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§ Umlellidafce. 

14. MiCRosTrLis OFHiOGLOssoiRES, JSruttal!^ Genera Amer, FL 
ii. p. 196 ; LindL Orch. PZ. p. 19 ; Chapman^, FL S. Un, States, 
p. 453. — Malaxis iinifolia, Micliaux, M. Bor. Am. ii. p. 157, — 
M. opliioglossoides, Willcl. Sp. FL iv. p. 90; Loddiges, Bot^ 
Cah. t, 1116. 

Caulis 2-5 uneias longus, basi pseudobulbosus, pseiidobulbo 
parYo globoso-conico ; vagiEis duabus, superiore majore circiter 
climidio eaiilis aequali ; folium singulum ovatiim ellipticiim obtu- 
Slim, amplexicaule subpatulum, l|-3 uncias longiim unciam latum ; 
scapiis ereetus vel subnutaus gracilis augnlatus, 3-uncialis, majore 
parte racemosus ; racemus demum laxus multiflorus ; fiores parvi 
Tirides, pedieellis tenuibus patulis vel recurvis, ^-uncialibus ; 
bracte® brevissimm lauceolatse, 1 mm. lougse ; sepala lanceolata 
siibobtusa, lateralia latiora obliqua, labello scquales ; petala an- 
gustaliuearia ; labellum oblougum, apice trilobo, lobis lateralibiis 
majoribus laneeolatis obtusis, medio multo ininore, cuspidiformi 
aeuto, veiiis niedianis iiicrassatis, basi vix cuncava, auriculis uullis ; 
coliiiuDa basi paullo angustata, apiee dilatato, dentibiis brevis ; an- 
tliera majuscula, stigma ovale grande ; capsula eiliptica ^-uncialis. 

jSTortb America : Canada, Sainy Lake and Elver (Dr. Michard- 
son') ! ; Lake Eegion and Ontario (ATacoun) I ; Pembina, Winnipeg 
{Bourgeaa) ! ; Newfoundland {Morrison) 1 ; Massacbusetts, New 
Jensey I ; Maine {Torreg)\; Pbiladelpliia Wat- 

son)!] S. Carolina {Qree)\] Yermout {Fringle)!; Ball Moun- 
tains, Tennessee (Bngel) I ; Plorida {Chapman) ! 

Mexico : San Luis Potosi {Farrg ^ Fahier), no. 859 t 

15. M. iJMBELLirnxTA, Lindl Orel. Bl p. 19 ; Griseh. Flor. 
Brit. West Ind. p. 612. — Malaxis umbellulata, Simrtz, Frodr. 
p. 119 ; Flor. Ind. Oce. p. 1444 ; WilU. Sp. Fl.W. p. 90.— M. 
iimbelliflora, Bunan, Mort. Jamaica, i. p. 478. 

Caulis 3-iincialis, gracilis, basi pseudobulbosus radicibus crebris ; 
foHa bina valde insBqualia membranacea reticulata lanceolata 
acuminata, maximum 4 uncias longum, 2 uncias latum ; scapus 
gracilis angulatus (pentagonus fide Swartz), apice nutante, 

6 uncias longus ; racemus brevissimus circiter dimidio unciam 
longus ; bracte® setaceas, 1 unciam long^ ; flores virides ? minuti 
3 vel 4modo simul evoluti, pedieellis patulis tenuissimis I unciam 
longis ; sepala angusta, ligulata, obtusa ; petala multo breviora ; 
labellum trilobmn, lobis lateralibus brevibus rotundatis obtusis, 
medio linear! loiigiore aiigusto obtuso. 

Jamaica, Swartz I Jlmtfadgvnl Dominica, ! 
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16. Miceosttlis caragasat^-a, KlotscJi, ined. 

Eliizoma longurn, pseudobulbis dissitis clavatis; eaulis gracilis, 
S-ancialis ; folia bina subopposita feqnalia aagusta lanceo- 
lata acuminata, marginibiis crispis basibus vaginaiitibus 1|- 
uncias longa ¥ix | unciain lata; scapus gracilis, 4|-uiicialis ; 
umbella brevis compaeta ; bractesc breves lanceolate ; flores 
minimi tenues, pedicellis |-uncialibus ; sepala late lanceolata 
obtnsa ; petala angusta linearia ; labellum oblonguin quadratuin, 
apice trilaciniato, laciniis subequalibus obtusis ; auiucule longe 
lanceolate acute, fovea magna costa mediana, baud multo 
elevata. 

Columbia, Karstenl in herb. Brit. Mua. 

17. M. HAsrii/ABiA, Beiclih.f. Beitr. Orch. Centr.-Amer. p. 101. 

Planta ssepe validula habitus M, Bartlioni. Pseudobulbl 

conici angusti unciales ; eaulis gracilis, basi vix incrassata, 4- 
uncialis, vagina singula 1| unciam ; folia ferme opposita rarius 
spatio intermedio, ovata acuta, 3 uncias longa, 1| uncias lata; 
scapus paullo alatus, 4!~8-uncialis ; umbella compaeta, g imciam 
longa ; braetesB lanceolate triangulares aeutae ; pedieelli graciles 
l-unciales ; flores parvge copiossB ; sepala lanceolata obtusa, 
lateralia quam labellum multo longiora; petala angusta linearia; 
labellum bastatuin trieuspidatum, auriculis magiiis divergenti- 
bus subobtusis, lamina versus apicem angustata, laciniis tribus 
brevibus subasqualibus, fovea elliptica longiuscula, margioibus 
inerassatis, linea elevata mediana centrali. 

Tocota, Lehmann ! G-uatemala, Lehmann ! Brazil, common 
in dry leafy vroods of S. Paulo, Bowie ^ Cunningham ! Organ 
Mountains, MietB ! 

18. M. siMinniMA, BeieJib. f, Beitr* Orch. €entr,-Amer. p. 101. 

Planta pedalis ; folia bina cuneato-obloiiga acuminata, quiiique 

p offices longa, subopposita; scapus bene exsertus ; umbella ultra 
polHcaris ; bracteiB ligulatse aeutse uninervim; sepala ligulata ; 
petala filiformia; labellum concavum ovatum acuminatum, 
deiiticulo utrinque ante cuspidem superaddito, iineis callosis 
evanidis juxta liinbuin, disco onmino l^vi. 

Costa Bica, Desengano, WendlancL 

19. M. Lagotis, y*. Orch. Beitr. Cenir.-Amer. p. 101. 

Pedalis, pseudobulbi turbinati seriati in syinpodio persistenti' ; 
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caulis basi vagiiiis paucis Testitus, 3-4 uncias longam ; folia 2, 
petiolata Yel sessilia ovata, basi late cmaeata vel rotuiidata 
aciiminataj subopposita, 5 uncias longa, 3 imcias lata ; scapus 
angulatos ; flores yirides ; bracteje triangulo-acuininatga ; sepala 
ligulata trinervia;petala lineari filiformia, qninquenerYia; labellum 
siibeordatum ovatum, apice tridentatum, carina crassa denticiilata 
utrinqiie jnxta limbum ; carina integerrima interjecta. 

Costa Bica, Volcan de Barba, WencUand. 

Micbostyms eycatata, Lindl. JBof. Beg, 1838, Misc. 93, ap- 
parently belongs to this series ; but neither the description nor 
the specimen preserved are sufficient for identification. It came 
from America. 

20. M. EASTiG-iATA, Beiclib, f. in ’Linnma^ xxv. p, 834, xxviii. 
p. 384. — M. opbioglossoides, Bot, Beg, t. 1290; Linh ^ Otto^ 
lo, Bl, Bar, iii, t. 5 {non Ifutt,), — Malaxis maiaiithemifolia, 
Mich, ^ Q-al. in Ann. Se.B'at. 1845, p. 18; non ScJilecJif, — Bienia 
inaianthemifolia, Beiclib, f, in Linncea^ xix. p. 368. — Ophrjs 
ensifolia, Bavon, MSS. 

Caulis gracilis, 3-uncialis, basi pseudobulbosa, vaginis 2-3 
pseudobulbo globoso annotino approximato ; folia bina sub- 
sequalia lanceolata ovata obtusa 2 uncias longa, 1 unciam lata, basi 
amplexicaulia, vaginis brevibus, dissita; scapus 3~-7-unciaIis, 
angulatus apice niitante; raeemus |-uncialis, nmltiflorus ; 
bracte^ brevissimce lanceolafcse ; fiores minimi virides P, pedieellis 
gracillimis cum ovariis i~uncialibus ; sepala ligulata lorata ; petal a 
angQstiora breviora ; labellum sepalis mquale, obspathiilatum 
cochleariforme, basi ovata concava, linea mediana elevata in gibbo 
desiiiente, auriculis subnullis, apice acuto lineari semitereti. ' 

Mexico (Bacon) I (Oapt. Lyon) ! Tallee de Mejico (Schmidt) ! 
(ScJiaffmer) I (Bourgeau Qo2 ) ! Jalapa, Serra Colorado (Schiede) ! 
Cordillera Oaxaca {G-aJeotti) I no. 5059 ! (Salle) ! Garaco Moun- 
tain, Coahuila (Bahner)^ no. 1300! 

Santa Martha (Bur die), 

Bolivia, Sorata (Mandon), no. 1135 ! 

The figure of the complete plant in Bot. Eeg. 1296 is ap- 
parently M. fastigiata, the lip of the flower being represented as 
OTate, entire, and acute; but by the side of it is an enlarged 
drawing of a flower with a lip exactly similar to that of 
M, opMoghssoides^ oblong and 3-iobed. 
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The plants quoted from Pavon and Capt. Lyon differ someT^’liat 
from the common typical form of fastigiata in their narrower 
leaves generally a little distant from each other and in the more 
slender pedicels, and possibly they may form a distinct species. 
But the flowers seem to be quite identical, and I am unwilling 
to give fresh names to plants so dubiously distinct. A specimen 
from tbe neighbourhood of Mexico, collected by Sclimidt, has 
the lowest bracts unusually long and lanceolate acuminate, one 
nearly | inch in length. 

21. Miceosttlis lokgisepala, n. sp. 

Canlis gracilis 6-iineialis ; folia ovata obtusa, 3 uneias longa, 
Ig nncias lata, dissita; scapus 6-uncialis validiilns panllisper 
marginatns ; unibella l-nncialis ; flores pro sectione majusculi 
virides, pedicellis 4-nncialibns capillaceis; bractem brevissimso 
ovatse lanceolatse ; sepala lanceolata obtusa, marginibus revoliitis, 
4 mm. longa ; petala angusta linearia ; labelium 3 mm. longum, 
ovatum acuminatum, acutum, basi saccatnm, fovea ovata, niar- 
ginibus carnosis, costa mediana elevata, auriculis nnllis. 

Mexico, Parada, near Oaxaca, Salle \ in Herb. Brit. Mus. 

Very near M. fastigiata^ especially tbe form collected by 
Pavon, but the flowers are larger, and the longer sepals are very 
conspicnons. 

22. M. COBTMBOSA, S- Wais, in JProe* Amer, Acad, xviii. 1883, 
p. 195 ; Contrib. Amer, Bof, xi. p. 195. 

Psendobnlbus globosus nncialis ; canlis validulns 3-uncialis, 
vagina ampliata subacnta unciali ad basin ; folium singiilum 
ovatum subobtusum reticulatum amplexicanle 3 uneias longum, 2 
nncias latum ; scapus crassiusculus angulatns tres nncias longus ; 
racemns vix nncialis; flores parvi, pedicellis |-nnciaiibns graci- 
libns erectis, basi diiatata articnlata ; bractese minimse lanceolatsB 
demnm reflexse ; sepala angnsta lanceolata acuminata acuta ; 
petala angnsta iigulata ; labellnm obspathnlatum, basi plana late 
siibqnadrata, venis tribns obsenrioribns in medio, apice angustata 
lanceolata acuminata acuta. 

Arizona, Huacbuca Mountains, Lemmon^ 2882 ! 

23. M. VENTEicosA, Boepp* JEndl, Nov. Qen. ef Sp. p. 8. 

Bhizoma longa repens teres lignosum ; caules erecti aseend- 

entes incrassati tunica vel vagina Integra niodo superne fissa, e 
vaginis foliorum connatis exorta, basi valde clavata sensim 
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attenuata inflata ventricosa meinbraiiacea diapliaiia nervosa ; 
folia ovato-oblonga acumine longo acutissimo, basi rotundata 
snbtiis acute carinata, carina valde promineute per vaginas 
decnrrente, lamina seniorum 5 uncias longa, 1| lata ; scapus 
biancialis ; raceinus ovalis snbcylindricus, fmctifer magis capita- 
tns ; pedicelli patuli infimi recti siiperioris erecti, quani ovarium 
duplo longiores, capsulse ssquales ; bracteissubulatis; floras minuti 
virides iis if. mo 7 iophyllos majores ; periaiitMuiii eo Jf. npestriB 
similis labello ad apicem angustior ; labelluni subrotundum sagit- 
tatum bemispbsericum concavum, apice acuminato reflexo ; 
capsula 6 lineas longa, ovalis. 

Peru, Pampayaco, ^oeppig. 

24. Microstylis rudest eis, Foepp, ^ MndL Nov, Gen, et 
8p, p. 8, pi. iii. 

Pedalis et ultra ; cauiis subgracilis 8-uncialis, pseudobulbo 
ovali, nuclei cerasi magnitudine, vaginis membranaceis tecto ; 
folia bina angusta, ovalia vel ovali-laneeolata subdissita, approxi- 
mata, utrinque acuta, nitida, subtus acute carinata, ssepius valde 
inaequalia 2 uncias vel ultra longa, unciam lata ; scapus erectus 
medio subcurvus pentagonus 8-uncialis; racemus hemispbserico- 
capitatus inultiflorus uncialis ; flores pro seetione majusculi 
flavidi resiipinati, pedicellis erecto-ascendentibus capiliaceis, 
J-uncialibus, quam ovarium duplo vel triplo longiores ; bractese 
minuta3 subulate, ovato-lanceolate ; sepala obliqua laiieeolata 
acuta ; petala filiformia, sepalis triplo angustiora ; labelluni 
Iiemispbserieuin intus concavum, apice acuminata; auriciilis 
minimis triangularibus ; columna basi dilatata; capsula ovalis, 
4 lineas longa, triearinata. 

Peru, Cassapi, Foeppig ; Venezuela, Tovar, Fendler \ 

25. M. BBAGHYSTACHYS, Mdchl. f in Lmnm, sxii. p. 834 ; 
Walp, Ann. iii. p. 26. 

Cauiis elongatus vaginatus nionopbyllus ; folio ovali obtuso 
acuto, basicordata,racemo brevissimojdensifloro fastigiato; bracte® 
ovat« acuta3 ; sepala oblonga obtusa ; petala linearia obtusa ; 
labellum ovale, basi cordata acuta transversa. 

Mexico, Peal del Monte, EJirenherg. 

The description of this species is hardly sufficient for so critical 
a section of the genus, nevertheless it seems quite distinct in 
the shape of the lip from any other Mexican species known to 
me. It is probably allied to Jf. eorgmho$a, S. 'Wats 4 
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26. Microstylis histioxaxtha, Link 4^' Oito^ le, FL Bar. 
Sort, Berol. t. 5 ; Bot. Mag, t. 4103 ; LindL Bot. Beg, xxvi^ 
I 84 O 5 MisG,-^, 214. — M. Parthoni, Beiclih.f. in Walp. Ann. ti. 
p. 206; €fard. Ch'on. 1881, Oct. 8, p. 463; Beitr. Orch, Ceiitr.- 
A?ner. p. 59. — Malaxis Partlioni, Morren, Bull. Acad. Bog. Brux, 
1839, p. 485. — Cheiropterocephalus sertuliferiis, Barh. Bodr. Gem. 
^ Bp, p. 2%Jide egusd, — ^Epidendrum ■umbellatiinij Velloz-, FL 
Flum. t. 23. 

Planta validula, cauie inerassato 4-U2iciali, pseudobulbo vetnsto 
conico ; folia bina subopposita late ovalia acuta patula 4 tiiicias 
longa 3 uucias lata, ‘‘ glaucescentia viridia ’’ (Bodrigues) ; seapus 
validulus 6-uiicialis 4-aiigulatiiiri ; umbella globosa compacta 
niultiflora ; pedicel li vix J unciam long! ; flores parvi virides ; 
sepala posticum reflexam, lateralia deflexa, omnia lanceolata 
obtusa ; petala ninlto minora linearia acuta recurva ; labellum 
integrum late oTatum subobtusum rotundatum, fovea baud pro- 
funda ; columna crassiuscula. 

Venezuela, Tovar, Fendler 14271 Kew Granada, Cbolino 
near Eio de Huca, Fur die \ Costa Eica, San Jose, Wen Hand . 
Nicaragua, Beiclienhach. 

Brazil, Eio de Janeiro, Glaziou 8033 ! Caldas and Pieu, 
Bodrigues, 

Var. BEXTicuLATA, BeicFh. f. Beitr. Oreh. Oentr.-Amer. p. 100. 

Labellum minute denticulatum brunneum. 

Costa Eica, Azari, Wendla^id. 

27. M. PUBESCEXS, Lindl. m Hook, Joimi, Bot. ii. p. 662. 

Caulis gracilis uncialis vix inerassatus ; folia bina lanceolata 

acuminata siiberecta tenuia nonnunquam ovato-ianceokta ; 
petiole vaginante 2| uncias Ion go, | unciam lato ; seapus gracilis, 
SJ uncias longus, angustatus ; umbella parva compacta ; flores 
minimi pedicellis brevibus vix :|-uncialibus ; braetem miimtsB, 
ovata^ ; sepala late ovata obtusa ; petala angusta linearia ; label- 
ium rotundatum latum pubescens obtusissimum planum, fovea 
obsoleta, auricuHs brevibus, latis obtois. 

Brazil, Organ Mountains, Gardner \ Miersl 

28. M. CRisPiEOUTA, BeicTib.f, Orch Centr.Mmer. p. 100. 

Planta habitus M, venfricosm, Poepp., 4-6 uncias alta ; folia 

usque ultra biuneialia, petiolis liberis, laminis obloiigis acumi- 
natis crispulis, reticulatis nervulis transversis in siceis bene 

niTO. JOURX. — BOTAXT, TOE. XXIY. 2 D 
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prominulis ; seapus angulatus ; bractea^ liiieari-setaceJBj ovarii 
pedicellati climidio snbaiqiiaiites ; labellum a basi rotiiiidato- 
rlioinbeiiiii, angiilis posticis in cornua falcatii cxtensis antice acu- 
minato, linea limbosa ante apicem labellum transeunte. 

Costa Eiea, Desengano, Wendlanch 

29 , Miceostylts ajidicola, n. sp. 

Canlis valid ulus, basi incrassata, conica, vagina laxa tectus 4“ 
uncialisj radicibus longis lanatis ; folia bina reticulata ovata aiii- 
piexicaiilia subaciita remotiiisciila suba3qualia, 2|-3 micias loiiga, 
1| uncias lata ; seapus strict ns angulatus validiilus 6-uncialis ; 
umbella coxiipacta |-iiiicialis xnultiflora ; flores parvi virides ; 
pedicelli cum ovariis ferme |-unciales ; braetea^ ovat^ miniinsB ; 
sepala knceolata siibobtusa, posticum 4 mm. longum ; petala an- 
gusta linearia quaiii sepala breviora ; labellum basi saccato- 
hastatuni oblongum obtusissimuin, sepalis baud multo brevius, 
fovea profunda oblonga costa erassa mediana, marginibiis iiicras- 
satis, auriculae erceto-recurvin longiusculse lanceolate acutse. 

Ecuador: Mt. Piebineba, among shrubs at 11000 feet alt.j 
Jameson no. 450 ! 

Tlie lip has the outline of Jf. hastilalia^ but the apes is quite 
entire and blunt. 

30, M. Mobitzit, n. sp. 

Ebizoma longinsculum validulum ; canlis gracilis viridis, 3- 
uncialis, basi vis incrassata; pseudobulbus eonicus, 1| uncias 
longus, vagina albescente tectus ; folia bina ovata petiolata acuta 
patula subopposita submqualia, 2^ uncias loaga, uncias lata, 
petioliis l-uncialis ; seapus gracilis, 3-uiicialis ; umbella parva 
Gongesta; flores piures virescentes minimi; bracteee pallidie 
lanceolatse acuminatae angustae ; pedicelli |-unciales ; sepala 
ovata lanceolata obtusa tenuia ; petala angustiora linearia ; la- 
bellum quam sepala brevius lanceolatum angustum acuminatum 
excavatum, nee vero foveolatum, costa mediana caraosa; auri- 
eulm recurvm angnstse aentge. 

Yenezueia: Tovar, in sbadj woods on damp ground in the 
subalpine region, kSept.-Oct., Moritz no. 1862 ! Herb. Brit. Mus. 

The lip in tHs species is narrow and hollowed out, but there is 
no real fovea. The median vein is present, but the laterals are not 
visible. The flowers are very small, and the leaves are remark- 
ably patent. 



331 


GmEJiA. IIICJIOSTYLIS A^fD MALAXES. 

§ Pedilcea, 

31. Miceostylts CALXCixA. — Bienia caiyciiia, Lindl. OtcIk Pi 
|>. 23. — Serapias parasitica, Favon MNS . — Oplirjs monoplijUa, 

fjifsd. 

Pseiidobulbus ovoideus; canlis d-'T-iincialis, rectus, ragina 
laxa truncata brevitcr fissa ferme biunciali ; folium singulum, 
ovatiim, ferme obovatiiui obtusissimum vel ellipticum lanceolatum 
ereetum aiiiplexicaiile, 3 uneias loiigum, uuciam latum ; scapus 
validiilus subeylindrieiis, 6-12-iiueialis, basi uixda; racemus in 
scctioiieiaxissimus, miiltiflonis, rliaeliide articulata; flores minimi, 
rliacliide appressi j bractem minuta) triangnlari-oTat®, acutjses pedi- 
cellis brevibiis erassis spquales ; sepala ovata, subacuta, labello 
miilto majora ; petala linearia la-nceolata, recurva, angusta ; la- 
bellum brevissimam cordatiim acutum, margine ad apicein incras- 
satiim depressuiii ; aiiriculis parvis obtusis ; columiia graii- 
diuscula lata, stelidiis miniitis acutis ; capsula eliiptica obloiiga 
costis vix elevatis baud sinuatis siibcequalibus. 

Mexico, Fa von I Yallee de Mejico, Schmidt \ 

Peru, Favon ! G-uatemala, Caniino del Lapote, Bernouilli, 
no. 327 ! 

82. M. MiUErs, Feiclib^f. in WaJp. Ann, vi. p. 207. — Bienia 
luyurus, Lindl. Oreli. FI. p. 28. — Pedilma niyurus, Lindl, Orck. 
Scelet, no. 144, p. 27. — B. erispata, Lindl. in Ann, ^ Mag, Wat. 
Sut. XV. 1845, p. 885. 

Caulia circiter 4-iincialis, basi pseiidobulbosa, vaginis fissis 
vetustis tecto, superne vagina laxa membranacea elougata ; folia 
bina lanceolata obtusa, alterna erecta nee patula, 8 uneias longa 
vix unciam lata, subiBqualia; scapus validulus, 7~imcialis, angulatus, 
basi longe nuda ; racemus densus eompactus, 3-uncialis, rhacMde 
angulata, pediceEi breves crassinsculi articuiati, braeteis parvis 
lanceolatis acuminatis vix longiores ; flores parvi carnosnli ; 
sepala lanceolata obtusa ; petala angusta linearia j labellum 
cordatiim apiculatum carnosum concavum, fovea majuscula 
obscura visa purpurea, linea mediana j ovarium crassum verru* 
cosum sinuatis costis ; eapsula ferme matura g unciam longa. 

Mexico, Favonl Yailee de Mejico, Schmidt I 

83. M. MAGEOSTACHYA, Lindl. Orch, PI p. 21 ; et in Benth. PI 
Hartic. p. 52. — Opbrjs maerostaebya, Llave, Wov. Veg, Mex. 
2, 9. — Malaxis densiflora, Bich. ^ Gal, MS, 

Caulis 6-uneialis gracilis, basi incrassata conica, iinciali ; 

2 i>2 
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vagina viridi truiicata, 8-uiiciali; folium singiilum ellipticuiii 
obtusiim erectum amplexicaule, 5 uncias loiigum, 1| latum ; 
scapus validulus 8-uncialis, dimidio inferiore iiudo ; racemiis 
densus 5-uncialis ; Sores per parvi virides ; bractese ovat^ lan- 
ceolate acuminate ; sepalum posticum ellipticum lanceolatum 
obtiisum, lateralia subequalia paulio obliqua qiiam labellum 
breviora ; petala linearia obtusa longiora ; labellum teniie ovatum 
ellipticum ; auriculis brevibus obtusis, apice retuso biiobo, lobis 
obtusisj venis quinque ; columna basi angusta, apice dilatatOj 
stelidiis brevibus obtusis truncatis. 

Mexico : Mt. Oampanario, near Anganguio, at 9000 feet alti- 
tude, Sartweff no. 895 ! San Eelipe, Oaxaca, Galeotti no, 5058 ! 

34. Miceosttlis moittaha, Bothroelc^ Beports on Geological 
Surveys^ 1878, Botany^ p. 264. 

Caulis gracilis, 8-4^-uneialis, basi subglobosa, Sbris vaginarum 
vetustaruni undique tectus ; folium 1-2, ellipticum ovatum vel 
lanceolatum obtusum, 5-nervium, l|-3 uncias longum, -j^g-l 
unciam latum ; scapus gracilis erectus, 4-9-uncialis, basi unciali 
niida ; racemus densus multidorus ; flores minuti, rbacbide arete 
approximati ferine sessiles, flavescente-albi ; ” bractese ovales ; 
sefjaliim posticum ovale ellipticum obtusum, lateralia subsimilia 
paulio obliqua, apicibus excurvis, labello subsequali vel paiillisper 
breviora ; petala angusta linearia ; labellum ovale sagittatiim, 
apice obtuso, ssepius emarginato subtrilobo, lobis lateralibus 
laneeolatis brevibus, medio minuto ; auriculis brevibus obtusis ; 
fovea lata, vix profunda; columna minuta, recta, stelidiis mi- 
nutis aeutis. 

Arizona, Mt. Graliam, at 9500 feet, Botliroch, 

Mexico, near St. Luis Fotosi, Barry ^ Falmer\ uo. 858 ! San 
Miguelito, Scliaffner 517 I 


§ TipuIoide(e* 

35. M. TIPHLOIDEA, Lindl, hi Ami. May. Nat. Hist. xv. 1845, 
p. 256; Beiclih.f. Orck. Centr.-Am. p. 162. 

Subcaulescens ; caulis ll uncias longus, foliis dissitis 8, lanceo- 
iatis aeutis, basi angustatis, 8 uncias longis, nnciam latis, patulis 
tectus; scapus gracilis elongatus, circiter 27-uneialis ferme 
omnino laxe racemosus ; flores plures, virides, majusciili remoti, 
pedicellis gracilibi».,^emiuncialibus ; bractese longse- angustae 
lanceolate acuminatse f^nciales ; sepala laneeolata lorata, late- 
ralia subfalcata ; petala angusta linearia reflexa ; labellum 
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lanceolatum acuminatum, sepalis gequale, margine eiliato, | unciam 
longum, exauritum ? ; columna brevissima. 

Colombia, Popayan, Martweg 1 Costa Eica, San Miguel, 
Wencllcmd. 

§ Caulescentes, 

36. Miceostxlis gaulesce^ts, Lindl. Bot. Meg, 184il, sub 1. 1. 

Caulis baud bulbosus, repens longus, foliis undique tectus ; 

folia lanceolata acuminata, marginibus erispis 2 uncias longa, 
I lata ; scapus ex axilla folii superioris ascendens angulatus, basi 
loiige nuda j racemus elongatus laxus multidoriis ; flores parvi 
raides baud xesupinati, pedicellis brevibus, bracteas vix super- 
antibus ; bracteas lanceatse aeurainatge setacese, 4 mm. longae, 
erects, nec deflexas ; sepala lanceolata acuta peudula j petala 
lineariapatentia j labelluni iineamlongum oblongum, apice obscure 
trilobo obtuso, auricuiis brevibus rotundatis ; fovea nulla ? ; 
columna brevis crassa, stelidia brevia truncata; antbera de- 
pressa. 

Ecuador, Lloa, at 8000 feet alt., Jarnemn no. 93 ! Sail ! 

§ Bienicd Gerontogew. 

37. M. MESCiEEEA. — Eienia muscifera, Lindl. hi Wall. Cat. 
no. 1935 ; PL p. 23. 

Planta in altitudine valde variabilis 4-12-uncialis ; caulis ssepe 
gracilis, basi pseudobulbosaovoidea, 1-5-uncialis, vaginis tectus ; 
folia teimia ssepissime 2, ovata subaeuta vel ovato-ianeeolata, 
rarius lanceolata, insequalia, subremota, ad 2-3| uncias longa, 
|--1| uncias lata ; scapus 2-7-uncialis vel ultra, vix dimidio niidus ; 
racemus laxus multifiorus nutans gracilis ; iiores virides minimi 
iis Jf. monoghglU sequales ; bracteae lanceolate acuminate |-un- 
eiales, pedicellis equales; sepala late lanceolata acuta; petala 
linearia ; labellum ovatum apiculatum, basi saceata tricostata, 
apice acuminate acuto ; columna brevis crassa, stelidiis bre- 
vibus ; capsula oblonga, costis vix elevatis, 5-uncialis. 

Afghanistan, Kuram Valley, Shendtoi, Aitchison I N. India, 
G"ubrwa1, DiitJiie 1 Sikkim, Tunga, Lacben, Sooher ! N.W. Hima- 
laya, Hattee, Thomson I Gossain Than, Wallich no. 1 935 ! 

38. M. ciLiHDEOSTACHXA, Mdclib.f. in Walp. Ann. vi. p. 207. 
— ^Hienia cylindrostaebya, Lindl, in Wall. Cat. no. 1934 ; Orch, 
Ml. p. 22. 

Planta in inagnitudine valde variabilis ; caulis gracilis, debilis 
2-7-uiicialis, basi pseudobulbosa globosa, superiie vagina longa 
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ampliata truncata ; folium siugiilum ovatum obtiisum suberectiim. 
l|-5 imcias longum, |-3 uncias latum ; scapus debilis s^epissime 
nutans, | longitudinis nudus, 3-10-uncialis ; racemus loBgus ; 
flores copiosis minimi aggregati ; bractese lanceolatje aciiminatm 
defies SB, J-unciales ; sepala ovata acuminata acuta ; petala lineari.i 
angusta ; labellnm ovatum acuminatum vel apiculatum, basi 
saccatum, marginibus incrassatis, aurantiacum ? ; columna basi 
angustata, dentes incrassatm. 

IN'epal, Sheopore, Sjlbet, Wallich no. 19B4i I iN'.'W'. Himalaya, 

Sooher ! 

§ Qrepidiiim. 

39. Miceosttlis G-obefroxi, Meichl.f. in Of. Samh. i. p. 37. 

Caulis li-uncialis, pseud obulbosus oxoideus, foliis undique 

tectus'; folia 2-3, erecta lorata iigulata obtusa imequalia, maxi- 
mum 4 uiicias longum, | unciam latum ; scapus gracilis angiilatus 
6-uncialis (non omnino exolutus), basi longe niida j flores minimi 
bruiinescentes, pedicellis brexibus, bracteis lanceolatis deflexis 
sequalibus^ sepala obloiiga ovata; petala oblonga linearia ; labellnm 
angustiim oblonguni apice bilobum, lobis oblongis subobtusis, 
auriculis brevibus, fovea oblonga, marginibus incrassatis, vena 
mediana incrassata; columna crassiuscula, breviuscula, stelidiis 
longis loratis obtusis. 

Cambodia, Pream Bal, Goclefroy Lebmif^ no. 414 ! 

40. M. C02CGESTA, Meiclib.f. in JValp, Ann. xi. p. 306. — M. Ber- 

naysii, -F. Mnell. Flor. Fmr/m. xi. p. 21. — Dienia congesta, 
LindL in Wall. Cat. no. 1930, Orcli. FL p. 22 ; Mot. Meg. no. 825 ; 
Meiclil. f. in Bonplandia, iii. p. 259. — Malaxis iatifolia, 8m., in 
Bees' s Cgcl . — Malaxis plicata, FI. Ind. iii. p. 450. — Liparis 

Bernaysii, F. Muell. 1. c . ; Bernags, Flor. Queensl. p. 507. 

Caulis crassiis vaginis undique tectus, 3-uiicklis ; folia pliira 
siibdissita iiifeqiialia lanceolata acuminata oMiqua petioiata, 4-6- 
uncias longa, 1-|- uncias lata ; scapus xalidulns erectiis 6-12-uii" 
eialis angulatus, basi loiige nuda ; racemus compactus cjlindricus, 
S-^O-uncialis ; flores parxi copiosi luteo-xirides ; bractem lineari- 
lanceolatm setace^e, inferiores, J~iiiiciales; sepala oblonga obtusa, 
iateralia latiora, labello subrequalia ; petala linearia ; labellum 
ovatuin cymbiforme, auriculis parvis, apice trilobo, lobis latera- 
libus brevibus subaciitis, meclius longior obtusiis oblongo-lanceo- 
iatus vel lineari-lanceoiatiis ; columna crassiuscula, stelidiis parvis 
loratis tnincatis obtusis ; ca];sui£e erecta! l-uneiales oblonga 
pyriformcs, dense aggreguta. 
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India: Nepal, Dn Wallichino. 1930. Sikkim, Hooherl Mara- 
inliettj, IIamiltQ7i I Khasiya, Ladder Valley, Nimklow, Hooker I 

Malaya: on a small island in tke Straits of Eliio, Ckr. Smith. 

Siam : Angkow, Godefroy Lehoeufl 

Hongkong, Mt. G-ongk, Lmnont ! Hanee ! 

Australia : Trinity Bay, Queensland, Bailey 1 

A figure of Malaxis plkat a'" by Eoxburgh in the library at 
Kew seems intended for this plant. 

The type specimen of Microstylis Be^'naysii was very kindly sent 
me by Baron v. Mueller, and proves to be this common species. 

Var. FTJSGA. — Hienia fiisca, Lindl. Orch. BL p. 22. — M. fusca, 
Beichb.f. in Walp. Ann. vi. p. 207, — M. triiobulata, Kurz, Bep* 
on Veyefation of Andaniaii Isles^ Append. B. xix. (nomen nnduin) ; 
AT. B. Brown^ Gard. Chron. Sex^t. 23, 1SS3, p. 392. 

Flores purpurei, densiore congesti. 

Ceylon, Macrae I TJiioaites ! Moulmein, Barish ! Andaman 
Islands, CoL Berkeley ! 

There seems to be no real difference between this and the 
yellow-fiowered plant, excej)! the colour. There is an original 
coloured drawing of it by Macrae in the Library, of the Horti- 
cultural Society. 

Var. GEAGinioE. — FoHa paiiHo angustiora, caulis longiora ; 
scapus pedalis gracillimus, cireiter dimidio nudo ; raeemus 
multifiorus tenuior ; ilores flavescentes, pedicellis brevissimis ; 
bractece lineares setacem angustissimse. 

Java : Tjikoya, Zollinger^ no. 116 ! 

The long slender raceme gives this plant a very diffcient 
appearance to that of the typical form. 

41 . Miceostxlis niAXjHiTA, Lindl. in Wall. Cat. 1911 ; Grek. 
Bl. p. 30. 

Caulis 2-uEdalis, folia 3-4 in^qualia tenuia siihpatula, ovata 
acuta, marginibus crispis 3 uncias longa, Ig lata (in maxima) ; 
scapus gracilis, 5-C-uncialis, majore parte racemosus ; raeemus 
3-iiacialis multifiorus laxiusculus ; fiores parvi lutei, pedicelii 
gracillimi |-unciaiis, bracteis lanceolatis acuminatis vix breviores ; 
sepala iaiiceolata subobtusa; petaia angusta linearia; labelium 
triaiigulari-cordatum, aiiricuiis longis acutis anguatis, lamina 
triangulari-aeuniinatum acutum, callo ut videtur in bai^m ; coiumna 
stelidiis majusculis rotiindatis. 

N. India : Zogheloree, S^dhet, F. Ba Silva In Wall kids Ilerii. 
no. 1941 ! 
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42. Miceostylis Josepeiaha, Beichh.f. in Bot. Ma^. t. 6325. 

Pseudobulbi oMongi fusiformes 3-4-iiiiciales ; folia 3, oHonga vel 

oblongo-lanceolata acuminata patentia plicata inicqualia^ maxima 
4-7 uueias longa, 2 uncias lata, supeme olivaceo-cuprea, subtus 
viridia ; scapiis circiter S-imcialis, sexangularis validulus, dimidio 
florifero ; flores in genere maximi globosi, ovarii angulatis bre- 
vibus ; bractese quam ovaria breviores ovatjB reflex se ; sepala late 
ovata recurva obtusa, iateralia | longitudinis eonnata ; petala late 
iinearia recurva acuta, omuia sordide flava ; labellum ventricosuiu 
gibbosum, inargine superiore retuso, auricuiis maguis rotuiidatis, 
imbricatis, flavum, macuiis rufo-bruiineis in disco pra 3 sertiin circa 
eolumnam ; eoluiima brevis crassa, stelidia parva rbomboidea. 

Sikkim. 

43. M. Buebidoei, Meielib.f. MS. 

Caulis vix incrassatus, foliis evolatis ferme tectus ; folia petio- 
iata vagiuautia dissita valde insequalia, inferiora lamina quam 
petiolus multo breviora, ovata acuta, superiora magis laneeolata 
acuta circa 4 uncias longa, 1| uncias lata ; seapns breviusculus^ 
4-uiieialis vix evoluta, validulus, angulatus; bracteee lanceolate 
setacese acutse |-uiiciales ; flores parvi, plures j sepala ovata 
lanceolata acuta trinervia ; petala spatbulata acuta subobliqua 
uninervia ; labellum sagittatum acutum, sepalis brevius medio 
depresso, auricuiis magnis latis rotundatis columna crassiuscula 
apice latiore, stelidiis quadratis truneatis. 

Labuan, BiirMdge ! Herb. Brit. Mas. 

44. M. niscoLOE, Lincll. Orcli, PZ. p. 20; Bot. Mag. t. 5403 ; 
JViglit, leones, t. 1631. 

Caulis crassus vix bulbosus 3-uncialis, vaginis purpurascenti- 
bus teems ; folia evoluta 3-4 congesta ovata acuminata acuta 
tenuia erispa plicata purpurea petiolata, petiolis vaginautibus, 2 
uncias iouga, 1 unciam lata ; scapus gracilis erectus, 4 -uncialis 5 
1| uncias nudus ; racemus densus multiflorus, flores minimi in- 
siguiter flavi, marcescens rubri; bracteje lanceolate acuminate 
deflexse vix |-unciaiis ; sepalum posticum lanceolatum angustum 
obtuBum, Iateralia latiora obliqua elliptica obtusa ; petala Iinearia 
angusta ; labellum parvum ovatum cordatuin integrum acutum, 
basi excavata, auricute brevis obtusse late ; columna brevis, cras- 
siuscula, stelitiiis lanceolatis obtusis porreetis. 

Ceylon, Macrae I Central Province, Thcaites, no. 3698, 

There is also an original coloured drawing by Macrae in the 
library of the Horticultural Society. 
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45. MiCROSTYiiis ELATESCEXS, Lindl. Orel, Pi p. 21 ; Miquely 
PI Inch Bat. p. 625. — Crepidium flavescens, Blume, Bijdr. p. 388. 

Labellum integerriiniim ; folia subradicalia oyato-lanceolata 
nervosa meinbranacea, radix fibrosa ; flores spicati flavescentes. 

Java. 

This description is obviously too incomplete to distinguish the 
species. However, I have not yet seen any plant from Java with 
yellow fiowers and an entii*e lip. Some plants labelled 2I.fla- 
mseeJiB var. pn'purea by Hr. Beiclienbach in herb. Kew I cannot 
distinguish from ilf. congesta x^i.fusca. I do not think Elume 
can have intended Jil by his Crepidium flavesee?is^ as the 

lip of the former is certainly not ^^ infegerrimwnP Lindley says, 
^‘An eadeni ac Microst. diseoh?^?^^ 

46. M. BiLOBA, Lindl. OrcJi. FI p. 20; Wall Cat. no. 1940. 

Canlis crassns, vaginis paueis tectiis ; folia 4 ovata lanceolata 

valde insequalia acuta plicata, 6 uncias longa, 2 lata; scapus vali- 
clulus angulatns pedalis feme omnino racemosus ; bractese an- 
guste lineaxes acuminatse deflexse, 4 lineas longse; flores iis 
M. WalUcJdi seqnales, pedicellis 8 lineas longae, suberectis ; sepala 
lata oblonga ovata obtnsa, lateralia obliqua, petala linearia ; la- 
bellum ovatum sagittatum, auricnlis magnis lanceolatis obtusis 
curvis, lamina apice bifido, iobis lanceolatis obtusis, fovea parva 
oblonga quadrata, margineantieaiiuTassata; colnmnacrassiuscula; 
cliiiandrium latum, stelidia lata truncata. 

Hepal, Wallich, no. 1940 ! 

47. M. Wallichii, Lindl in Wall. Cat. no. 1988; Orch. FI 

p. 20. 

Canlis basi inerassata circiter 2-uncialis, psendobnlbo vetusto 
sffipius approximato conico nnciali ; folia sfepe 8”4 viridia vel dis- 
coloria insequalia ovata lanceolata acuminata acuta, suberecta, 
vaginis longis 5 uncias longa, l| uncias lata; scapus 8-10-uneialis, 
basi circiter tereti nuda, superne angulatns nonnunquam nutans ; 
racemus valde laxus paiiciflorus; bractem unciam longse lanceo- 
lat£e acuminat^e, inox deflex^ ; flores parvi virides pailide pur- 
purascentes, prsesertim marcescentes ; sepala oblonga linearia 
obtnsa, inarginibus revolutis ; petala linearia, sepalis minora ; la- 
" bellum sagittatum ovatnm, apice bifido, lobis acutis, anrieulis 
magnis excurvis subacutis, fovea vix profunda, linea mediana 
elevata ; columna brevis, stelidiis Isete viridibus loratis obtusis. 

Hepaul : Chondagberry, WalUch.^ uo, 1988 1, Silhet, Da Bilm^ 
193S II. Khasiya, Lohh I Nunklow, Hooker, no. 1653 ! 
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Cxulirwal, Iloolce?^^ Tho?nsoJi 1 MoulmeiE, Parish. Anamallay 
Hills, Col. Beddome ! Cambodia, Mt. Pursat, Leboetif.^ p. 442 I 

Y. V. in hort. Kew, 1886, 1SS7. 

Yar. OMPHALOIBES, Parish. — Labellum rotiindatum obtusuoi, 

Moulmein, Parish ! 

Tills apparently common plant varies very much in the shape of 
the lip, which is ty|)iGaI] j ovate with a bifid apex ; but the amount 
of fission varies greatly. The auricles too sometimes overlap be- 
hind the column and sometimes do not touch each other. In 
the variety ompJialoides the lip is so rounded that, as the auricles 
meet behind, the column appears to emerge from the centre of a 
circular lip. In colour the flowers vary from obestuiit-red ’’ 
(Soolcer) to green, tinted, especially at the base of sepals, petals, 
and lip, with purplish. 

48. MiCEOSTxnis caeixata, Beichb.f in Walp. Ann. vi. p. 618. 
— Bieiiia cariuata, Beiclib.f. in Bonjjlaiidia, iii. p. 223. 

Caiilis crassus, vaginis tectus ; folia 5, lauceolata obliqua acuta 
valde inaequalia dissimiiia petiolata, inferiora ovata lauceolata 
siibdissita, lamina 5 uncias ionga, lunciam lata, petioius vaginatus 
1| uncias Ionga; scapus 8-unciaiis, vaiidulus, basi (4 uncias) nuda ; 
flores pauci parvi flavin bractem lanceolatse acuminatse deflexse, 
I unciainlongsD, superiores minores ; sepaluin posticum oblongum 
loratiim obtusum, lateralia latiora elliptica obtiisa quam iabellmii 
breviora ; petala sepalo postieo similia vel linearia (fide lieichenb. 
fil.); labellum ovatum curdatum abrupte acmuinatiim, subtrllobiim, 
lobis lateralibus vix distinctis rotuudatis, medio acute aeumiiiato, 
fovea vix distiucta, lineis elevatis diiabus, callis niiilis, auriculis 
majusGulis rotuudatis obtusis; columna brevis, stelidiis latis 
lineari-loratis apieibus rotuudatis. 

Philippine Islands, Qimiug, no. 2144 ! Luzon, Lohh I 

49. M. ocuLATA, Beiclib. f. hi Flora, 1S8G, p. 554. — Anecto- 
chilus Javanicus, Hhrjf. 

Polia 7-8 congesta ovata petiolata uodulata plicata submqiialia, 
3 uncias ionga, 1| uncias lata, disco laniiuiu olivaceo-viridi vel 
bruniiescente marginibus albis ; scapus 6~iincialis angulatus longe 
(4 uncias) laie racemosus ; flores parvi dissiti circiter 50, paliide 
smaragdini, pedicellis tenuibus :j-uncialibus ; bracta? liiieari- 
lanceolatm deflexa}, pedicellis acquales ; sepala lauceolata iorata 
obtusa, marginibus revolutis, lateralia pauiio obliqua ; pctaia aii- 
guste linearia ; labellum cordatum, apice obscure trilobum, lobi 
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lateralea "breves rotundati, medius longus integer siibacutnSj anri- 
cula3 longa recurves, fovea depressa, callus basalis in venis duabns 
ad basin atteiiuafcns ; stelidia dentiformis acuta. 

Java; cult, in bort, Peradenij-a, comm. Dr. Trhnen ! 

I suppose tMs to be the plant intended by Prof. Eeicbenbaeli, 
tbougb he says that in Ms plant tbe flowers were flavi aiirienlis 
purpureis et labellum apice bidentato utrinque paucidentato.’’ 

50. Migeostylis poltphtlla, n. sp. 

Caules 2 approximati, baud pseudobulbosi, omniiio foliati, 
biunciales ; folia alterna subsequalia, inferioribus auteni minoribus^ 
4-8, lanceolata acuta subplicata, petiolata, petiolis vaginaiitibus 
laxis, lamina 3 uncias longa, | unciam lata ; seapus 9-uiieialis 
erectus subteres superne anguiatus, basi 5-unciali niula, bracteis 
panels exceptis; racemus densus multifloriis; flores parvi fia- 
Mduli ; bracteaa lanceolatn-e acuminatoe setacea3 deflexss, pedicellis 
tenuibus suba3quales ; sepala lanceolata obtiisa, lateralia obliqua ; 
petala lanceolata angustiora ; labellum lateralibus subtequalej 
late cordatum hastatum, apice obtuse trilobo, lobis lateralibus 
brevibus rotuudatis obtusis, medio longiore elliptica obtiiso ; 
aiiriculge latse obtusse; callus ad basin bippoerepiformis, in venis 
duobus attenuatus, in fovea longiuscula ; stelidia brevia lata 
truncat o-ro tun data. 

New Caledonia, Vieillard, no. 374 ! Herb. Brit. Mus. 

51. M. TATJBijrA, Meichl.f, in. LiniKsa, xli. p. 97* 

Caulis vix incrassatus, 6-uncialis, undique iaxe foliafcus; folia 
8-10 dissita lanceolata acuta aliquando acuminata, obliqua temiia 
petiolata, petiolis longis vaginantibus, lamina 3 uneias longa, | 
imciam lata; seapus elatus 9-12-unciabs anguiatus, basi longe 
iiuda, bracteis paueis exceptis ; racemus muitiflorus ; flores dissiti 
sulpburei vel purpurascentes, parvi; braeteiB lanceolata) aciiminatm 
reflexa) circiter 5-uncialis ; sepalum posticum et petala subsiniilia, 
lanceolata lorata obtusa subjequalia ; sepala lateralia ovata inulto 
latiora obtusa; labellum magnum, sepalis lateralibus »c]iiale, 
trilobiim, lobi laterales lati rotundati, a}>ices acuminati lineareSj 
lobus medius longior lanceolata, apice breviter bifido ; aiiricuiis 
magnis rotundatis, in media laminm ad basin, depressione elongata 
obscuriore ; calli nuUi ; columna longiuscula arcuata, stelidiis 
loratis obtusis elongatis. 

New Caledonia, ‘^Bord de Cangui/’ VleiUard^ no, 3274, no. 
3276 ! 
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52. Migeostylis eitrpueea, Lindl. Orcli, FL p. 20. 

Caulis erectus conico-incrassatus circiter S^uncialis, vaginis 
tectiis ; folia 5-6 in apicem caulis subcongesta Yalde ina3qiialia 
ovata lanceolata acuminata obliqna snbpetiolata, pefciolis va-gi- 
nantibus, niaximnm 6 uiicias longum, If imcias latum ; scapas 
6-uncialis, apice nutante basi nuda ; racemns laxiusculus ad 
40-fiorus ; bracte^ lanceolatse setacese deflexse ^-unciales ; pedi- 
celli tenues vis loogiores; flores majusculi purpurei ; sepalum 
posticum laneeolatuai liaeare, lateralia falcata; petala linearia 
angusta ; labelLum magnum cordatum auriculis magnis obtusis, 
apiee subtrilobo, lobus mediiis bifidus, laterales rotundati, fovea 
triangularis margin e elevata; stelidiis brevibus obtusis. 

Ceylon, Macrae ! ; TJiwaites, no. 3768. 

Java, Zollinger, no. 2536! 

Tlie plant obtained by Dr. Seemann in Piji and distributed 
under no. 613 is referred here by Dr. Eeicbenbach. All the 
specimens I have seen under tbis number in tlie Kew and British 
Blnseum herbaria belong to quite a distinct species, but are not 
sufficiently good to describe from. 

53. M. calophyxjjA, Belchh.f. in Qard. Citron, n. s. xii. 1879, 
p. 718. — Liparis elegantissima, JECort. 

Caulis eonicus brevis pseudobulbosus ; folia plura, congesta, 
ovata vel oblonga lanceolata acuta, marginibus pauilo undulatis 
5 uncias ionga 2 uncias lata olivaceo-bruniiea, margine late viridi 
transversim brunneo-striata ; scapus gracilis nutans circiter 
6-uncialis, ferine omnino laxe raeemosus j flores parvi pulchre 
smaragdini, marcescentes Jflavi, remoti circiter 16, pedicellis tenui- 
bus cum ovariis |-uucialibus ; bracteee lineari-lanceolatm setacea? 
f-unciales ; sepala oblonga obtusa, lateralia obliqua, marginibus 
revolutis, purpuraseentia; petala angusta linearia purpurascentia ; 
labelliim smaragdiiium sagittatum paree albo-ciliatum, auriculis 
magnis laneeolatis curvis subacutis, lamina lata subtriangulari 
triloba, lobi laterales breves rotundati, medius pauilo longior, 
apice bid do, laciniis forcijiatis parvis 5 callus ad basin hemi- 
sphsericus, venis elevatis duabus albis, foveam percurrentibus, 
ad pulvinam terminatis, macula purpurea in utro latere ad basin ; 
columna basi angustata, stelidiis magnis rotundatis spathulatis 
smaragdinis. 

Malaya, he. spec, ignotiis. Mr. "F. Moore kindly sent me this 
plant from Griasnevin Gardens. 
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54. Micro STTLis chlorophrxs, Beiclib. /. in GanL CJiron. 
11 . s. XY. 1881^, p. 206. 

Folia oblonga acuta, pagina superiore bruoiiea, iuferiore pur- 
purasceute, margiae valde undulata ; racemus paiieiflorus; bracte® 
rose^ triangula unineryise, ovariis multo brevkres ; sepala tri- 
aiigula ; petala linearia acuta, oumia purpurea ; labellum sagit- 
tatum trifiduni, laciniis lateralibus abbreriatis dentibus antrorsis, 
lacinia mediaua triangula bidentata longe producta, lamella 
trausYersa oblonga medio apiculata in basi. 

Borneo, infrod. Bull, 

55. M. SEGAAEEXSis, KranzUn, in JEngl.Bot, Jalirl. yii. p. 435. 

Caules foliosi. Folia patula ereeto -recur va aiigusta lanced ata 

acuminata acuta, 6 Yel plures, maximum 9 uiicias longum ; | uii- 
ciam latum ; scapiis subdebilis alatus 9-uncialis®30-florus ; bractem 
lanceolatse acutm dedexm ; sepala orata obtiisa ; petala latiora 
rotundata breriora ; labellum trilobiim, iobi laterales maximi 
semiorbiculares, intermedio profundebilubo, ant ice grosse dentato, 
basi excayata, stelidia in bracbiis protracta. 

E'ew Guinea, MacCluer Baj, Dr. JSFaumann I 

Dr. Kranzlin very kindly sent me the unique specimen of this 
rare plant to examine. The flowers seem to have been orange- 
coloured. Its habit is much that of M. poIifpliyUn and taurma. 

56. M. Ventilabeum, Beiclih,/ in Gard. Chron. n- s. xvi. 1881, 
p. 717. 

Folia oblonga acuta, pallide viridia brunneo nervosa, plicata ; 
scapus minute angulatus; racemus pluriflorus anthesi distauti- 
flores ; bracte® triangul® acut®, ovario pedicellate ter breviore ; 
flores parvi pulchre flavi ; sepalum posticum ligulatum acutuin, 
lateralia cuneato-oblonga acuta; labellum aurantiacum trans- 
versum, basi lata abriipta utrinque margine externo semisagittato 
utroque latere retuso, aiitiee septemdentato, dente mediano pro- 
dueto, dentibus externis bidenticulatis ; columna alba utrinque 
viridis. 

Sonda Isles. Only known in cultivation. 

57. M. xiETALLiCA, Beiclib,/. in Gard. Chron. ii. s. xii. 1879, 
p. 750 ; Bot. Mag. t, 6668. 

Herba snbpedalis, caulis pseiidobnlbosus cylindricus crassus, 
pnrpiireus, uncialis, vaginis albescentibus tectus ; folia 6 vel pau- 
'ciora, lanceolata ovata vel obloriga acuta, breviter petiolata 
subpatiila, inarginibus erispis, 2 uneias longa 1 uneiam lata, atro- 
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purpurea niticla, subtas pallidiora ; scapus gracilis violaceiis 
O-T-uiicialis ; raeemus yalde laxus circiter iniiltillorus ; braetcffi 
purpurascentes hmceolatsB acutiB dcflexfB ; flores parvi pedicellis 
gracilibiis iineiani lougis, patentibus vel reciirvis ; sepal iiiiip os- 
tieiim lineari-ligulatiim, roseum vel flavum, lateralia vix latiora 
oblonga ligulata, rosea 761 Havescente-rosei ; petala linear! a 
angiistiore rosea ; labelliim roseurn cordaturn obcimeatimi qiiad- 
ratum, apice rotiindato parce dentato, dentibus breyissimis ; 
aiirieiila) iiiajiiscultB laiiceolatiD actita) ; calli duo ad basin 
col Li 1111103 ; eoliiinna brevis crassiiisculaflava, apice viridi ; stelidiis 
doiitiformibus aciitis,* anthera oblonga lata apice retiiso. 

Borneo, v. c. 

5S« MiciiosTXLis rLATTcnEiLX, ’Reiclib, f. in Seem. Mor. Vit, 
p. 302. 

Cauli basi bulbosa, bulbo tcreti conico; foliis petiolatis obloiigis 
acutis ; iiifloresceiitia longissima raceniosa ; bractea) pedieellis 
subtoquantibus linearibiis acutis deflexis ; ovariis O-gonis, sepalis 
oblougis pliiriiierviis, basi coniiatis, petalis cuiieato-oTatis obtusis 
uninerviis, labello transverso utrinque obtiiso, lobo antico minute 
prosiliente, car inis 4i in disco elevatis; columna minuta bicorni. 

The whole plant has a purplish hue. 

Fiji Islands, Soniosomo, island of Taviuma and Kadavu, &<?- 
mmm^ no. 590. 

I know no more of this plant. The specimens distributed under 
this number by Dr. Seemann appear to be 3L BlieedU in a 
bad state ; the laminm of all the lips in the specimens which I 
have examined in the herhariuin of the British Museum being 
bitten off, p’robabl}^ by a snail. The plant under the samo 
number at Kew again may be different. The scajie is very long 
and, slender, and bore many flowers; unfortunately in one speci- 
men all are gone save a very young bud or tivo, and tlic second 
specimen is in fruit. 

59. M. Bheejdii, Lindl. Orck. PI p. 21. — Epidendnim 
resiipinatum, Forst.f. Prodr. n. 322. — Pterochiliis plantagineus, 
IIoolc, 4* Arn. Bot. Beeeheys Voyage^ p. 71, t. 17.— M. bella, 
Meiolih. f. in Gard. Chron* 1880, Jan. 2, p. 8, — -M. plantagiuea, 
Cuzenf. TaliiU^ p. 239. 

Caulis cylindricus vel conico-cylindriciis, 3-imcialis ; foliis 
vaginantibus tectus ; folia 4-5, dissita, oblongo-lanceolata 
acuminata obliqua subsequalia, patulo, basi angiistata, viridia 
nec lucida, 6-nervia, 5-6 uncias longa, 2-3 imcias lata ; scapus 
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crcctiis augiilatiia pedalis vcl ultraj pixrpurens, basi longe niidaj 
bmcteis paiicis exceptia ; racemus multiilorus laxus; Acres 
mediocreSs piilehri, pedicellis brevibus erasBiuaciilis ; bracteee 
laueeolatse aeuta^ aiigust^e erectsB demam deflexse, g iiiiciain loiigse, 
purpurasceotes ; sepala lorata ligulata obtnsa, purpurea A^el viridi- 
piirpiirea, marginibus reTolatis ; petaia subsiuiilia augiistiora ; 
labelliim magnum kenuesino-purpureum, f unciam longum, quad- 
ratiim sagittatiiin, . aurieiilis magnis acutis, apice acute dentate, 
dentibus sub^eqiialibiis 8~9, fovea profunda margine anteriore 
iiierassato, subcarnoso atro-purpureo ; columiia basi angustata 
supcriie dilatata, stelidiis quadratis truncatis Icete xiridibus, lobus 
licmisplisericais, planus, purpureus, ad basin coliitnufe ; pollinia 
■pyrifonnia cura ; capsuku erectse, elongatse, pyriformei^, | unciam 
long®. 

Suiida Islands, intr., Linden, i\v. Hort, Kew, 

Society Islands, Otalieite, Bar clay, 8302 ! Banks ! Forster 1 
Erocomio, Otalieitc, W'^iJes ^ Smith, 

60. Microstilis . BANC ANA, n. sp. — Crepidimn Ebeedii, Blmne, 
BijdrA.^, 887, fig. 08? 

Habitus M. Blieedii ; caulis longus nunquam bulbosus, ascen- 
dens, foliis dissitis tectus ; folia circiter 8, dissita incequalia 
lanceolata obliqua acuminata petiolata, lamina 6 uucias longa, 
1| lata ; petiolus 1| uncias longus, , basi vaginata ampliata; 
scapus longus, debilis fermo bipedalia; flores parvi plures, 
dissiti flavescentes ? ; braetejB breves lanceolate defiexm ; sepala 
late lanceolata oblonga obtusa, lateralia baud falcata, labelio 
breviora; petaia late linearia; labellura triangulai'e, auriculis 
iaiiccatis subobtusis, lamina apice 4-5~deiitato, dentibus ma- 
jiiscLilis, fovea vix profunda marginibus crassis, callus integer; 
cohimna breviuscula basi angustata. 

Eanca, Ilorsfield ! Herb. Brit. Mus. 

A specimen of OrepuUum Blieedii, Biiime, named in Bliime’s 
bandwriting, exists in the British Museum. Unfortunately it is 
only in fruit. It is much like the Banca plant, but the stem is 
shorter and leaves more crowded, and the scape is no longer 
tban the leaves. 

61. M. VBESicoLOB, LindL Orch, BL p, 21; Wall Oat. 
no. 1939. — Malaxis Eheedh, Sioariz; Basaalarpoiilou-maravara, 
BJieede, Sort. Malab. xii. t. 27. — Liparis priochilus, Loddirfes, 
Bot. Cal. t. 1751. — Liparis intermedia, Bich. Oreh. Nilgli. p. 18 P 
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Caiilis gracilisj 3|-4-uncialis, vaginis pluribus purpiiras-* 
centibus tectiis, baud incrassatus ; folia congesta ad apicem, 
3-4 in^equalia elliptica lanceolata vel oviita aciuuiData acuta 
5-nervia, teiiuia, plicata viridia, breviter petiolata, petiolus 
uncialirt vaginatus, vagina ampliata, lamina 2|-0 uncias longa, 
1--2 uncias lata ; scapua elongatus gracilis, rarius valid ulus, 
8-10“Uncialis, ferine omnino racemosus angulatus ; bores copiosi 
parvi, flavi, morientes rubri ; bractese lanceolatse longe acumi- 
natse deflexse, l-unciales; sepala et petala omnia deflexa lanceo- 
lata lorata obtusa, petala angustiora obliqua, lateralia latiora 
obliqua, petalis breviora; labellum breve, qiarvum baud bilobum, 
latum, basi unguiculatum, columna subparallela, callo piano 
triangular!, apice bilobo parvo ad basin, lamina deflexa inferne 
depressa, niargine dentato, dentibus cireiter 10 8uba3qualibus 
brevibus obtusis ; columna longuiscula paullo arcuata basi 
angustata, stelidiis dentiformibus. 

8. India, Anamallays, Beddome ! Herl. Heyne, Dr. WalUcJi^ 
1939. 

Ceylon, Macrae 1 Hautane, Gardner, no. 844 ! Central 
Province, Tlmaites^ no. 2375! 2743. 

Thwaites’s specimens differ from those of tbe other collectors 
in having tbe pedicel considerably longer and tbe flowers ft little 
larger. The column too seems somewliat stouter, and tbe 
lateral sepals broader and blunter. There is a good original 
drawing of tbe plant in a book of Cingalese drawings by Macrae 
in Bibb TIort. Soc. 

62- MiCROSTYiiTs PBATENscs, 11 . sp. — M. versicolor, Wight, 
leones, t. 901, non Liparis dcnsiflora, A. lUch in Ann, 

Be. Nat. ser. 2, xv. 1841, p. 18, pi. 1 b. 

Planta variabilis, caule pseudobiilboso eonico, tl-uneiali, vaginis 
foliaceis rarius membranaceia 1-2 tecto ; folia laneoolala acuta 
vel ovata lanceolata acuminata, iiimqualia, 2-5 erecta vol paullo 
recurva, nee patula, noc petiolata, 5-nervia, 1-3 raro 4 uncias 
longa, 1-1 iineiani lata ; seapus 3-6-unciaIis fere omnino race- 
inosus ; Acres copiosi parvi ])urpurei ; bracteJB ovatio lanceolat® 
vel lanceolatsB acuminatsc deflexgo, g-unciales ; pedicelli breves ; 
sepala lanceolata angusta obtusa, lateralia quam postica paullo 
latiora paullisper obliqua ; petala linearia obtusa, sopalis paullo 
angustiora; labellum unguiculatum cimeaturn, apico bilobum, 
inargiue laciniato, laciniis angustis subiniequalibiis acutis longi- 
usculis, cireiter 12 ; fovea triangularis, baud profunda margirii- 
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"bus incrassatis, calio conico obtuso parvo ad basin j columna 
graciiinscula arcuata, atelidiis dentiformibus snbobtusis. 

8. India, Piilnej Mts., Mlgberries, Wight ! Gamlle^ 1733. 
Wadearhatti, Meetz, FI, Ind. Or. no. 1321! subnoin. Liparis densi- 
flora. Anaro allay Mountains, Beddome ! Ootacamund, Beddome ! 

This little plant, apparently common in grassy pastures on 
tbe l^ilgberrie hills, in India, lias been much confused with 
J£ versicolor. It varies much in length of raceme and stem, 
but its lanceolate sessile leaves and swollen pseudobulb at 
once distinguish it. 

The three species M. Bheedii^ prafensis,, and versicolor are 
somewhat closely allied, and have been much confused. M. 
Mlieedii is at once distinguished by its much larger flowers 
and more oblique leaves, and is, I believe, conflned to the Piji 
Islands, whence I have not seen either of the other two. 
jMl. versicolor has a straight narrow stem not at all swollen at 
the base, at the top of which the leaves are arranged in a tuft. 
M. pratensis has a short pseudobulbous stem, distinctly swollen 
at the base, from which the erect or at least not spreading nor 
petiolate leaves arise. Sometimes, certainly, the stem is a little 
elongate, but it always seems to retain its swollen base. ■ The 
flowers are as large as those of Jf. versicolor, but the lateral 
sepals are neither so curved nor so broad as they are in that 
species, bt£t more resemble the dorsal one. The lip too is longer 
and more deeply laciniate, and bilobed as well. I have only 
seen it from the mountains of Southern India, 

63, MiOROSTYiiis nuTEOLA, Wight, leones, no. 1632. 

Pseudohulbus parvus, ovoideus ; caulis gracilis brevis, folio 
vaginante lanceolate, tectus j folia evoluta ssepius 2, dissita 
lanceolata acuta, 2 uncias longa, | unciam lata ; scapus auberectus 
vel nutans, ultra dimidio racemosus, circiter 4-uncialis ; flores 
parvi et pauci flavi ; bractese quam pedicelli vix breviores 
lanceolatse setacea3 deflexse ; pedicelli |-unciales curvi j sepalum 
posticum lanceolatiim loratuid obtusum, lateralia lanceolata 
obtusa obliqua latiora; petala angusta linearia; labellum late 
triangulari-cordatum, apiee latum, dentibus vel potius laciniis 
acutis pluribus, hasi parum depressa, callo parvo ad basin 
columnsQ ; columna basi angnstata, dentibus duobus acutis 
min litis ad apicem. 

India, Malabar, Coiican, Stocks ^ Bates I 

Ceylon, TJmaites, no. 2743 1 

niFN. JOURW. — BOTAKY, YOU. XXIT. 2 E 
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C>4. Mi-CRostylts gren'ulyta., n. ap. 

Oaiilis l}roviB eireiter urniialia, vix pacudobiilboBiia, vaginis 
foliaceia duobus tcctiis ; radices laiiati ; folia 1 rariiis diasit^a* 
lanceolata acuta triuerria valdo inaDqualia breviter potiolata, 
petiolo vagiuante lamina 1;} uncias longa, J lata ; seapus gracilis 
4-imcialis, apico nntante, inajore parte kxe raccmosa ; bractea^ 
laiiceat© acuininatiB deflexte uiiciam lougic, iuiimtiD rmilto 
longiores ad | nnciam lanceolatjB foliaceJB ; fiores parvi visi vire- 
scentes, pedicellis duplo bracteis longioribua ; sepaluin poaticum 
oblongum lanceolatiim, lateralia oyata obtusa falcata, petala lanceo- 
lataabasi latiore attenuata marginibus revolutis ; labellum roni- 
forme rotiindatiim ci*enulatum, basi breviter nnguieulata, fovea 
vix depreaaa ; callus coiiicus obtuBua, auriculis nullis ; columna 
quam eailf. versicoloris brevior orassiorque. 

S. India, West Nilgherries, Qoh Beddome I iu herb. Brit. Muh- 

65. M, LA.KcrFOLTA, Tkivadies, JSnu7n. Bl. Zeyl. p. 297. 

Caules pseudobulbosi eonici seriatim approximati | uncdam 

longi, basibus foliorum tecti ; folia eireiter 5~6 ereeta subcon- 
gesta snbsequalia lanceolata obliqua acuta petiolata, 2~S uncias 
longa, I unciam lata; seapus gracilis 6-uncialia feme omnirio 
racemosus, eireiter uncias nudus ; fiores plures dissiti parvi 
fiavidi, pedicellis tenuibus, bracteis vix longioribus ; bractea> 
lanceolatge acutsB -im dales ; sepala lanceolata lorata obtusa, 
lateralia labello sequalia obliqua ; petala linearia obtusa ; labeliuni 
obtriangulare, apice lato recto, laciniis eireiter 6 brovibus ob- 
tusis, basi parum depressa, eallo lieinisphcerico ad basin ; columna 
altiuscula basi angustata, dentibus duobus minutis aeutis ; eapsula 
oblongu, 3 lineas longa. 

Ceylon, Suffragan District, Thwaites^ no. 2742 1 Karanitie 
Kandie, Trimen ! 

66. M. CAEuroPHlLLA, Beichh.f, in Flora, 1885, p. 548. 

Planta debilis ; caulis gracilis, tenuis, baud inerassatus, 

2-uncialis, vaginis reinotis 2-8, laxis albescentibus uienibranaccis 
inseqiialibus ; folia dissita 2-8, tenuia ovata suba.cuta ttiiiervia, 
uneiaiii longa, f unciam lata,petiolis vaginantibus | unciam longis; 
seapus 4-uncialis gracilliinus nutans tetragoims ferme oimiino 
laxe racemosus, purpureus ; braetess laxicoolatae subulata^ uni- 
nervisB amplexicaules, superiores magis ovatsc brevior es circitcT 
^-imciales, purpurascentes ; pedicelli tenuissiini patuli y^n-uiiciales, 
purpurei ; fiores pauci minimi ; sepala ovata acuta ; petala 
linearia obtusa anguata; labellum sepalis breviiis, cordatuin 
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obloiigum obtusissimum, apice lato obscure sinuato, YeDis medi- 
anis tribus paullo elevatis, auriculis subnullis ; columna semiteres; 
steiidiis brevibus obtusis truncatis ; antbera ovata. 

Comoro Islands, JELumllot^ no. 437 ! 

67. Miobosttlis stelidostachxa, Eeichh.f. Otia Hamburg y 

ii. 118. 

Caules gracillimi teretes, vaginis paucis pallidis membranaceis 
laxis tecti, radicibus longis tenuibus ; folia 2-3 ovata acuminata 
subsequalia, subopposita, 5-nervia, 2| uncias longa, 1^ uncias 
lata ; scapus gracilis erectus yel nutans teres, 6-unciaIis, basi 
longe nuda; racemus prime densiusculus j iiores parvi plures 
atro-purpurei, iis Stelidis cujusdam simulantes, pedicellis brevibus ; 
bractese ovatse lanceolatse acuminatse amplexicaules virides, baud 
deflexsB vix |-unciales, pedicellis sequales j sepala ob longa Ian- 
ceolata obtusa ; petala linearia ; labellum oblongum cuneatum 
bilobum, carinis duabus cristatis flavis versus basin, 

W. Africa, Prince’s Island, Mann^ 1151 ! 

68. M. cOMMELYNjEFOLiA, Zollinger , Naturgenesh Arch, 1844, 
p. 402 ; Bot. Zeit. 1847, p. 456 ; Beiclib.f, in Bonjplandia, 1857, 
p, 58 ; Walg>. Ann. i. p. 744 ; Migu,ely FI. Ind. Bat. iii. p. 389. 

Planta ciBspitosa decumbens babitu cujusdum Commeiinacea. 
Caules undique foliati prostrati, sex unciales vel ultra j folia 
dissita, alterna, patentia ovata crispa viridia, | uneiam longa | 
unciam lata, vaginaB | uneiam long 0 e,purpurascentes ; scapi graciles 
purpurei angulati erecti ferme omnino racemosi triunciales ; 
racemus laxus ; fiores minimi, viridescens ; pedicellis brevibus 
arcuatis purpureis ; bractese lineares setacese | pedicelli sequales, 
5 uneiam long® ; sepala lorata elliptica obtusa, lateralum apices 
purpurei ; petala recurva patula angustiora linearia breviora j 
labellum ovatum bastatura minute crenulatum, auriculis magnis 
lauceatis acutis, fovea majuscuia, marginibus incrassatis, pur- 
pureis ; columna breviuscula, steiidiis loratis obtusis. 

Java ; V, V . in Hort. Few, ; Lobh 191 ! Zollinger , no. 1748 ! 

Malaxis, 

Swart Zy in Stockh. Fya Handl, 1800, p. 233, t. 3 ; Lindl. Gen, 
Sp. Orch, Bl. p. 23 ; LestihoudoiSy Bull. Soc, Bog. Bot, Belg, vi. 
1866, p. 81 j Benth, ^ Hook.f, Gen, Blant, iii. p. 494. 

On the vegetative organs, Hormchuch, in Floruy 1838, p. 257, 

t 2. 



348 


MK. H. K. EIBLET's REVISIOIT OE THE 


On tlie production of buds on the leaves, Biclde, in Journ. Linn 
Soc, Bot. xir. p. 1. 

On fertilisatioo, Darwin^ Bertiliz, Orcli. p. 130. 

This monotjpic genus is closelj allied to the preceding, and 
especially to the section JDienia^ which it resembles in the size 
and form of its flowers. The rhizome is ascending, slender, 
and rootless. The minute pseudobulb is globose, produced at 
the summit of the rhizome ; in the second year the rhizome is 
continued laterally to the pseudobulb, and thus parallel to the 
scape ; it grows to a length of 1-2 inches before producing the 
next pseudobulb. The leaves are generally three, unequal, oval 
or lanceolate, thin and blunt, and not rarely produce bulbils on 
tbeir margins. Tbe scape is erect and racemose. The flowers 
resemble those of Microsfylisy but the lip has no true fovea. The 
stelidia are very short and blunt, while the anther does nob fall 
off, or even become partially detached, hut shrinks downwards 
leaving the pollinia hare. 

Malaxis nALTOOSA,/8t£?«r^2?, inSfockh.NyaSandl, 1789, p. 127, 
t. 6. f. 2; M, Ind. Occ. p. 1443; Smithy JEngl. Bot.i. 72; Willd, 

PL iv. p.91; BloraBanicaji, 1233; Beichb.f Ic^BL vol.xiii. 
p. 165, t. 4095; Curtis, Flor. Lond.v. p. 197; Baxter, Brli.BoL 
V. p. 394; Boemer, FL Fur. iii. p. 4 ; Lmdl. Gen. ^ 8^. Orch. BL 
p. 23 ; Bauer, III. Gen, Or eh. t. 1 ; T. Wees, FL Germ., Monoc, iii. 
n. 14. — Ophrys palndosa, IA7i'7i. 8p. PL 1341 ; Bidder, Codex, 
6849. — Epipactis paludosa, F. W. Sdmidt, iuMey, Bhys. Airfsatz, 
1791, p. 245. 

Plaiita pusilla, 2-8 uiicias alta; rhizoma ascendeim tcime ; 
pseudobulhus ;|-imcialis coniciis ; folia evoluta bina ruembranacca 
erecta laiiceolata vel ovatodanceolata, |-1 unciam longa, ^ rarius 
^ unciam lata; scapus 1-6-nncialis, gracilis augulutus, basi J.o;uge 
nuda, apice laxo racomoso, 7-35-floro ; flores miuuti viridcs rosu- 
pinatijpedieellis brevibus; bractem ianccolat^eacunuiiatic, podiccllm 
mqualibua ; sepala ovata obtusa apicibus cucullatis, posticum 
paullisper rnajiis, ovario cum pedicello sequali; petala laiiecolata 
acuta abrupto recurva, sepalis minora; labellmn crectiim lan- 
ceolatum cymbiforme obtiisum, herbaeeo-viride, lineis 4 obscuri- 
oribusiu medio ; colunma brevissima crassiuscula, viridis ; clinan- 
drium erectum, rostellum obtusum ; anthera albescens, loculi 2 
distincti in locellis 4 divisi; pollinia 4 obloiiga pyriformia per 
paria connata, ovarium pyriforme valvis placentiforis qiiam 
steriles bis latioribus ; eapsula parva erecta oblongo-globosa* 
pyriformis, costis vix prominulis. 
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Central and West Europe : — Ireland : Antrim, Clare, Wicklow, 
Dublin, Kerry. Wales, rare. England and Scotland, almost all 
parts. Scandinavia: Stockkolm {N'ymanl); Langmoosen, Up- 
land !) ; ITpsala {Fries) \ Eussia : Wilna (GorsM); by 

Lake Serlienskoje, Ingria {MemetsJiausen) ! ; Antzen, Livonia 
{Leliinami) I Denmark : Schleswig {Tessen !) ; Horreby, Lyngbei 
Ealster {Lange) ; Schleswig Holstein {S[ansen) ! Belgium : 
Louette, Saint Pierre, Namur {Qregin) 1 Holland, Utrecht and 
Brabant {Bosch) ! Grermany : Bitche, Moselle {Schultz, JSerl, 
Norm, no. 148) ! {Billot, FI, Fccsic. no. 78) ! ; Grreifswalde {WaU 
peTs\ in Beichh, FI, Fcosic. no. 2015); Berlin ( 1 ; Som- 
merfeld, Erankfurt {Baenitz) ! ; Hapsal {Jiirgens) 1 ; Eppendorf, 
Hamburg {Sander) ! ; Siegburg {Wolde) I ; Tilgte, Miinster 
{Wilms) I ; Wolgast, Pomerania {Zaher)l Austria, Entzbuhel 
{Traunsteiner) ! 


Sjpecies duhice* 

Malaxis brasiliensis, Sjgreng, Syst, iii. p. 740. 

M. thlaspiformis, Ficli, ^ Gal. Orchid Mex, p. 18. 

M. monticola, Ekh, ^ Gal, Orchid. Mex. p. 18. 

Species exchidendce, 

Microstylis atropurpurea, Mig, FI, Ind. BatSiL p, 625 = Liparis. 
M. decurrens, Miq, 1. ^?.= Liparis decurrens. 

Malaxis nutans, Willd, = G-eodorum, sp. 

M. oblongifolia, Eieh, ^ Gal, Or oh, Mex, p. 18. 


Appendix. 

The following additional notes on my monograph of the genus 
Liparis are based upon material which has since come before me. 

L. chloroxantha, Hance ! is L. plicata, Eranchet I 

L. elegans, Lindl. Orch. PL p. 30, — Mr. Eolfe showed me 
at Kew a living flower-spike of what he considered to be the 
plant intended by Lindley for this species. I have little doubt 
that he is correct in his surmise. The plant is quite distinct 
from any described in my paper, unless L, StricHandiniana, 
Beichb. f., wdiich I have not seen, be a synonym. There are also 
specimens in fruit collected by Maingay in Malaya, both in the 
herbaria of the British Museum and Kew, wkich I had been 
hitherto unable to refer to any species. I append an emended 
description. 
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Libaeis ele GAN'S, Lindl. in Wall. Oat. no. 1943, in part ; Gen. 
Sf Sp. OrcJi. -PZ. p. 30 ; Bolfe, in Gard. Ohron. n. s. xxvL 1886, 
p. 55S. 

EMzoma ascendens din repens, lignosum, psendobulbi dissiti, 
clavati, l|-unciales, vaginis viridibus lanceolatis aciitis laxis in 
sicca tecti; folia elliptica lanceolata subobtusa basi angnstata, 
6 uncias longa, i unciam lata ; scapus erectus validulus 9-unciali8 ; 
fiores pro seetione majores, copiosi; bractess lanceolatJB acute, 
ovariis seqiiales ; sepalnm posticum oblong'QTn, lateralia obliqua 
latiora obtnsa ; petala linearia omnia pallide viridia ; labellum 
anrantiacum obloagum bilobum, lobis brevib'us rotundatis obtusis 
minute ciliatis, ad basin unguis callis duobus parvis cornutis ; 
columna gracilis arcuata viridis, stelidiis rotundatis; capsula 
erecta oblonga. 

Penang, Geji. JPorterl, Ilerh. Wall. no. 1943 ca? parte^ Curtis^ 
V. V. in Iiort. Keiv ; Maingay, no. 1599. 

L. VENOSA, n. sp. 

Caulis crassus vix bulbosus, pseudobnlbo retusto conico ap- 
proximate, vaginis tectus 2-3-nncialis ; folia plura 3-4 congesta, 
insequalia, circiter 4 uncias longa, 1-J— 2 uncias lata, ovata lanceolata 
plicata acuta, purpurascenti-viridia ; scapus validus 9 uncias altus 
angulatus et alatus ferine omnino floriferus purpureo-kerine- 
sinus ; flores plures circiter 20 dissiti inter MollifoUis maxitni 
speciosi ; bractem parvse lanceatse aentm recurvso g-unciales ; pedi- 
oelli graciles patentes 1| uncias kermesiiii ; sepala lorata coiivoluta 
viridia, lateralia labello supposita latiora ; petala angiistissima 
fiiiformia kerinesina, sepalis breviora ; labellum raagiKim, unciam 
longuin, I imciam latum (quo latissimum) ovaturn obtusum ungiii- 
eulo brovissimo, translucens pulcberrimekermesiuo-venoBum, basi 
excavata,marginibusincrassatis, callus pulviuatus albus; columna 
subarcuata apice clavata, alis brevibus latis, alba, ventre ad basin 
excavato, marginibus kermesiiiis. 

India, v. v. I received tins from the Glasnevin G-ardens without 
loealitj, but find a drawing of it at Kew by Miss Little, who 
found it at Johore. It is a most beautiful plant, and is allied to 
L. nepalemis. 

L. Teimekii, n. sp. 

Pianta pusiila, 3~4-uncialis, pseudBbulbo miiiimo ; folia blna 
insequalia lanceolata acuta vel ovata lanceolata obtusa, | unciam 
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longa vix | uneiam lata; scapus 2^uiicialis subflexuosus teres ; 
bracteas lanceolatae acuminatse, stiperiores 4 mm. longse ; flores ad 
13y parvse virescentes tenues ; sepalum posticum lineari-oblongum 
obtusum, lateralia subsimilia obliqua ; petala linearia labellum 
oblongum subspatbulatum, apice rotundatum, marginibus minute 
dentatis, callis cariniforinibus duobus brevibus ad basin ; columua 
cycnicollis gracilis, stelidiis brexibus truncatis ; capsula erecta 
oxata oblonga, 5-iincialis. 

Ceylon ; Haragala, Br. Trimen ! Herb. Brit. Mus. 


Stubies if Vegetable Biology. — IV. The Influence o£ Light 
upon Protoplasmic Movement, Part II. By Spefcee le 
M. Mooee, E.L.S. 

[Bead 19tli January, 1888.] 

(Plates Xin.-XV.) 

The Ilovements of the Chlorophyll Bodies q/*Selaginella Martensii, 
Spring^ with some Notes on Bositive and Negative Tragmen- 
tation of Chlorophyll. 

Pbillieux’^ discovered that the lar^ undivided chlorophyll body 
arranged in the shape of a saddle in the lower part of each 
upper epidermal cell of Selaginella Martensii leaves assumes a 
lateral position when the plant is brought up to sunlight, some- 
times suffering fragmentation during the process. Beyond 
noting that several other species of the same genus share this 
peculiarity, Prillieux did nothing whatever ; and as no attempt 
has since been made to grapple with the problems involved in 
this movement, it is proposed to deal with the subject, here. 

The tetrastichous, and at first imbricated, leaves of the hetero- 
moi'phic Selaginellas are, as is well known, of two kinds, those 
of the two upper rows — turned towards the source of light—- 
being markedly smaller than their lower-lying fellows. Each 
leaf has an upper and a lower face ; and since the long axis of 
the small leaves runs very nearly parallel to that of the stem, 
each small leaf has a right and a left edge ; but the two edges of 
the large leaves are fore and hinder, since the long axis of these 
is, from an early period, at or nearly at right angles to the stem’s 

* Oomptes Bendus, tome Ixxyiii. 

LIFF. JOUBF. — ^BOTAFY, VOL. XXIV. * 2 E 
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apostroplie* The large leaves of S, Martensii are covered on the 
upper face with an epidermis of five-, six-, or even seven-sided 
cells with wavy borders, the angles frequently not well indicated. 
Similar cells are continued over the single central rib. The cells, 
isodiametral or nearly so in the distal and middle parts of the 
leaf, are at the j)roximal end somewhat elongated in the direction 
of the long axis. The fore edge is, for the greater part of its 
course, occupied by cells many times longer than broad ; these 
may sometimes be studded with small bosses upon the side walls 
or upon the free (superficial) wall as well. There may be as 
many as four or five row^s of these marginal cells, which are 
wanting at the leafs hinder edge, the isodiametral cells under 
these circumstances running up to the edge to abut on a single 
row of narrow cells. At either edge some of the marginal cells 
grow out to form a tooth with lumen continuous with that of the 
parent ; these teeth are longest near the base of the fore edge, 
and most numerous near the leafs apex, where, indeed, nearly 
every marginal cell is dentiferous. On the underside, the cells 
of the proximal three-fourths are much longer than those of the 
upperside, except over and near the rib, where not much elon- 
gation is seen. The area of narrow bossed cells is usually deeper 
here than on the upperside, and it may be still further broadened 
in places by the apposition of wider cells with bosses upon their 
■walls ; the wider type of bossed cell may occur here and there 
among the ordinary cells, of the underside. Stomata are placed 
upon the lower face on or close to the rib, their number ranging 
between one and two hundred : a few stomata are also found 
upon the hinder edge, rarely tow'ards the distal end of tlio fore 
edge as -wolL In the early stages of growth the small leaves 
completely overlap the large ones, and the latter each oilier ; but 
as the axis lengthens the large leaves diverge, each being now 
overlapped anteriorly by the leaf in front and similarly eovoriiig 
its predecessor ; afterwards only tiio proximal half of the lore 
edge is covered and at length the leaves got quite clear ; the 
slight obliquity of these leaves is due to forward oxteiisioii of the 
leaf-tissue at the proximal part of the fore edge, a region of the 
leaf where the cells are several times longer than broad. The 
upper leaves, at first closely imbricated, are soon free from each 
other except for slight overlapping at the side and base, which 
afterwards disappears in consequence of the elongation of the 
stem. These leaves are more oblique than the larger ones, the 
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obliquity being on tbe right side of the left and on the left side 
of the right leaf ; but they are much like them in structure, the 
chief differences being that the stomata are upon the upper 
instead of on the under face, and that the epidermal cells in the 
oblique portion are iso diametral as elsewhere. 

A section of a large leaf in a plane perpendicular to its own 
shows the cnp-shaped epidermal cells of the upperside, which, 
having their long axis at right angles to the plane of the leaf, 
bear some resemblance to palisade -cells ; they touch at their sides, 
but taper off somew^hat so as to leave narrow interspaces between 
their inner ends (PL XIII. figs. 1 a-c). Lying upon the whole of 
the inner and a part of the lateral walls is the saddle-shaped 
chlorphyll body ; thus, when looked at from above, the leaf of a 
healthy plant growing in diffused light presents to view a number 
of bright green disks separated from each other by the cell- walls. 
This is, however, true only of the upper three-fourths of a leaf ; 
at its base and throughout the oblique portion the chlorophyll 
body is either horseshoe-shaped (fig. 2) or, as usually happens, it 
has undergone division, or at least shows signs of division, into a 
variable number of irregularly-outlined cleavage-masses, which 
may be quite separate from each other or remain in connection 
by means of a fine strand of colourless plasma (figs. 3 a-cT ) . 
Division may be so complete in many of the proximal and oblique- 
portion cells and tbe cleavage-masses may round themselves off 
so perfectly that the chlorophyll then takes on very much the 
appearance of ordinary grains (fig. 4). Underlying the midrib 
are three layers of stellate mesophyll-cells with granular chloro- 
phyll j this tissue thins out towards the leaf’s edge and disappears 
at some little distance therefrom. The chlorophyll of the lower 
epidermal cells resembles that of the elongated cells of the upper 
layer. There is great diversity in the form assumed by the 
cleavage-masses, especially towards the leafs apex — a very 
common condition being that of a straight or curved chain with 
fine connecting threads between tbe round chloroplasts (figs. 5 
& 6 a-d). The chlorophyll of the small leaves is very similar, but 
inasmuch as the upper epidermal cells are all isodiametral or 
nearly so, the saddle-shaped chloroplasts are found everywhere 
except at the very base 

If strong sunlight be allowed to stream upon 8, Martensii the 

* Also Tipon the long apiculus with which these leaves are provided. 

2f2 
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cbloropliyll bodies can be seen after some time to undergo tbe 
remariiabie cbanges in form described by PrilHciix. Figs. 7 
and 8 a-g (drawn most of them after two and a half hours’ insola- 
tion) will give a fairly good idea of this. In its simplest form 
tbe cbloropliyll body is falcate or borsesboe-sbaped, with tbe 
wider arc closely applied against a side of tbe cell — its position of 
epistropbe bas been ebanged into one of apostrophe. If tbe 
various parts of tbe cbloropliyll body can mutually adapt tbem™ 
selves, tbe forms just described are, so far as my experience goes, 
never departed from even after several hours’ sunlight ; but it 
frequently happens that contrary tendencies set in, as is shown 
by one part of tbe body moving towards one side-wall, while 
another or others make for another side or other sides of the cell. 
Tbe consequence of this centrifugality is tbe assumption of very 
irregular forms, such as tbe batebet and dumbbell, tlie narrow 
parts connecting tbe main masses indicating the places wliore, if 
insolation.be continued long enough, the next phase, viz. actual 
division, will take place. To this end the chlorophyll ceases to 
be continuous at some part of the isthmus, and the area of 
separation increasing by the recession of its sundered portions, 
one sees twm masses united by a bridge of colourless plasma, 
which is either of uniform width (figs. 8 and f) or innclx 
broader in one part than in another (figs. 8 c and e). This 
plasma-bridge lengthens until the side-wall is reached, but some- 
times the cleavage-masses are quite isolated from each other 
(figs. 8 /and y). Occasionally simple contraction and rounding 
occurs (fig. 7 d). The nucleus is frequently brouglit into view 
by the fragmentation (figs. 8 rq e) ; but in some eases it is 
difficult at fii’vst sight to distiiiguisli between nucleus and plaHiiia- 
bridge (figs. 8 c, 10 c & /O. 

Apostrophe and fragmentation are induced much more rapidly 
ii} the proximal than in the distal half of the leaf; but as regards 
time, there is some difterenco between leaves. Thus it is some- 
times possible to trace the effect of the sun five-sixths of the way 
up tbe leaf after two- and a half hours, whereas one may find 
leaves of wdiich the distal cells show no sign of insolation after 
foiir hours. I have seen fragmentation in the proximal lialf only, 
and in no case have the whole of the chlorophyll bodies been 
fragmented or apostrophized ; whatever the length of exposure 
to the sun, in at ledst a few of the apical cells no symptom of its 
action has asserted itself. 
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^elaginella Martensii is a shade-lover, consequently we should 
expect that if any change he caused in its chlorophyll bodies by 
withdrawal of light, such would not be apparent until after the 
lapse of some time, and this is indeed the case. In a healthy 
plant it is not until three or four weeks that the effect of darkness 
is perceived. Pig. 9 represents a chlorophyll body, still saddle- 
shaped, after a month and four days in the dark ; its position is 
one of semi-apostrophe, two fine bands of colourless plasma 
connecting it with the wall-applied limiting layer of protoplasm 
But in leaves exposed to darkness for nine weeks greater changes 
are visible. We may now see the chlorophyll body, much re- 
duced in size, marked by great irregularity of outline, and usually 
consisting of a narrow isthmus connecting two portions of chloro- 
phyll (figs. 10 c, In some cells the threatened fragmen- 

tation * negative ’’ fragmentation) has actually ensued (figs. 10 
h, i). Pig. 10 g shows a semilunar chlorophyll-body, the outer 
border of which was near to a side wall, and the position of the 
body represented by fig. 10 Z> plainly hints at apostrophe; but 
this position is not generally assumed even after nine weeks. 
This is, perhaps, no cause for surprise, inasmuch as fragmentation 
in sunlight has been shown to precede apostrophe. 

In very young leaves a faint tinge of chlorophyll may be 
observed over the whole or a part only of the cell’s lumen ; it 
appears to he always one mass. The cells of the lower epidermis 
enlarge more rapidly than the chlorophyll body, the latter soon 
taking the form of a band stretching across the lumen, or of a 
rim at its side. This applies also to the elongated cells of the 
upper epidermis ; the chlorophyll bodies of its isodiametrai cells, 
however, increase in size at approximately the same rate as do 
the cells themselves. I am therefore disposed to think that the 
inseparation of the chlorophyll is the result of the failure of the 
isodiametrai cells to stretch in the direction of the growth-axis ; 
and this supposition is strengthened when it is remembered 
that positive fragmentation t is more readily brought about in 
the lower part of the leaf, where the isodiametrai ceils are larger, 
than near the apex. I^ow, the occurrence of chlorophyll bodies 
in a group so high in the scale as Belaginellacees is quite excep- 
tional ; hence /S'. Martensii would seem to be the descendant of some 

* On a hasty view these bands may be Uiken tor plasmolytic threads, which, 
of course, they are not, as can be seen on plasmolyzing the cell. 

t Possibly negative as well ; but I have no notes upon this point, 
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longer-leaved type for it surely is at least rasli to argue tliat 
l}y natural selection or otherwise the amount of chlorophyll in the 
isodiametral cells has been increased, in face of the fact that the 
long cells certainly contain no superabundance of that sub- 
stance. 

Since S, Mariensu flourishes in the shade, it might safely he 
predicted that direct sunlight is not necessary in order to cause 
change in the position of its chlorophyll bodies. The accom- 
panying diagram shows all the information I have been able to 



Diagram showing iho positive critical x'>oint of Sclatjimlla Mar/cfidl ; below 
it the cpistrophic interval of Fimaria hygromctrica on the same day (in 
August) and during the same hours. 

collect regarding the plant’s epistrophic interval. The position 
of the positive critical point was fixed by laying out leaves under 
precisely similar circumstances to those detailed in the former 
memoir ; with each set were p)laced some healthy leaves of Mmiarla 
h/gromeinca^ Linn, t- The duration of the experiment was two 
hours, ample time for apostrophe to have declared itself in the 
lowest of the proximal isodiametral cells close to the ohliquo 
portion of the large leaves. There is nothing to add at present ; I 
cannot even saj whether or no the cpistrophic interval runs up to 
the negative end of the photrum — a plant with negatively (pari, iaily 
or entirely) fraginented and occasionally apostropliized eldorophy 11, 
which was placed in the lowest light, with a view to ascertain 

* I do not know whether there arc species of Selagwella with leaves having 
a. long-celled upper epidermis and fragiuoiited chloropliyll, and others with 
very short leaves provided, like the small leaves of S. Marfensil^ witl) isodia- 
metral upper epidermal colls throughout. This matter is porlmps worth inquir- 
ing into. 

t In the former memoir (Journ. Linn, Soc. Boi xxiv, 1887, pp. 200""2r)l), 
it was stated that the cpistrophic interval of Id hygromctrica^ there drawn (in 
autimm) as reaching the positive end of the photrum, ’would probably bo found 
during the summer months not to reach so far to the right. This surmise has 
proved correct ; at least for the month of August. 
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wliether epistroplie would show itself, having, unfortanately, 
perished from drought during my absence from home 

"We have seen that the chlorophyll body of Selaginella Mar- 
iemii may break up in sunlight and in darkness, and I shall now 
show that this is not a peculiarity of that type. The chlorophyll 
bodies of the larger cells of Drajparnaldia glomerata, Ag., are 
arranged in a ring round the wall halfway up the cell. From the 
ring narrow, straight, or curved processes are given off which 
pass upwards and downwards, sometimes reaching to the cell’s 
bounding walls (figs. 11 a, d). Instead of being continuous, the 
ring may consist of a number of hollow spaces bounded by slender 
threads of chlorophyll ; it then presents a reticulate aspect. The 
chlorophyll body is pale green ; scattered through it are a few 
pyrenoids. Forty-eight hours’ sojourn in the dark may suffice to 
cause great changes, for in some of the cells the processes are 
now seen to be greatly shortened, in consequence of which the 
ring has become more or less torulose (figs. 11 c,d)f. After 
three days’ darknes.s t the chloro^ohyll body may form either 
a complete and frequently torulose ring lying across the cell 
at its centre or closely applied to a terminal wall, or it may 
have condensed into a spheroidal, sub spheroidal, or irregular 
mass, or have undergone fragmentation into two or more 
masses of varying shape placed at any part of the cell, and 
either quite free from each other or connected by plasma-bridges 
(figs. 11 e-~g), and these masses may themselves betray a tendency 
to division (fig. 11 h). After a short time even those rings 
which have, until now, retained their original position with respect 
to the cell’s long axis, lose it and com© to lie in any plane, some- 
times reaching from corner to corner j at fig. 11^* is shown one 
of these rings, in which fragmentation has just commenced. After 

^ A few words concerning the photric method of the former memoir will not, 
it is hoped, be considered out of place here. The imperfections of that method 
have already been dwelt upon, the chief drawback to accuracy being conti’acted 
space, especially near the right and left ends, and variations in the illuniinant 
value of the several points in consequence of variation in the intensity of sim- 
light. In order to construct a series of accurate intervals, it will be necessary 
to employ as a standard some constant source of light of known intensity — the 
electric lamp should answer all requirements— in a space extensive enough to 
contain all gi’ades of illumination up to perfect da,rkness. 

t In these and the other figures only the proximal part of the ring is shown. 

t These times apifiy to the summer; in autumn (Oelober) the process is 
slower. 
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tliree days in the dark a similar disposition of the chlorophyll 
may be noted in the smaller axial cells ; the ultimate cells at 
length contain either a mass of chlorophyll at their centre or at 
either end, or two such masses, one at the proximal, the other at 
the distal end. 

In GlimtojpJiora sp. the chlorophyll is disposed in the form ot 
a central ring or irregular figure, from the borders of which hroad 
or narrow, long or short bands extend upwards or downwards or 
both (figs. 12 a and h). Mter three days in darkness conden- 
sation has occurred in many of the cells, the chlorophyll being 
now in the form of a central band or ;i7-sliaped figure, or of one, 
two, or three such bands situated anywhere in the cell, or of a 
couple of bands at or near the centre (figs. 12 c and d). Under 
these latter circumstances, should the bands protrude at places, a 
figure somewhat similar to that in a Zygnema-(tQ\l results (fig. 
12 d). The greatest change, however, is seen in some of the 
older cells after six days in the dark, the chlorophyll having now 
condensed into a spheroidal or ovoidal mass at the centre or on a 
side of the cell (fig. 12 e). 

The chromatophore of Cliantransia Kiitz., is uniformly 

disposed upon the cell’s walls (fig. 13 a ) ; but in specimens shut 
up for some time from the light this arrangement is departed from 
in many cases. The contents are now seen to have collected 
either in bands or irregular figures at the proximal and distal 
ends of the cell, or interspaces shut off* entirely or partially by 
cross-bridges of varying width have appeared iu the cliromato- 
phore, showing that condensation has occurred at some points 
(figs. 13 Z>, e, d). Modifications similar, though less in degree, 
are to be discovered in the cells of Baimclioqiemvum monilijhrme, 
Both, after ten weeks’ darkness. 

Another instance of the alteration of position wrooglit by 
withdrawal from light is furnished by the chloropbyll plate of 
Mesoearpm scahris, Hass. In some of the cells of threads shiii; 
up in darkness for several days the only change observed is that 
the plate has receded from the fore and hinder ends, the chloro- 
phyll betraying an evident tendency to collect at the centre of 
the cell (fig. 22 a). This shrinkage of the plate is frequently 
accompanied by its movement towards a side-wall, as will be 
explained further on (see p. 369). Occasionally the two halves 
of the plate may separate with or without an intervening plasma- 
bridge, in w^hich latter— w^en it is absent, then in the interspace— 
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th© nucleus can usually be made out; tbis is more commonly 
seen in M, parmlus^ var. migiistus^ which is the subject of fig. 14 
illustrating this point. 

Here may be mentioned an undetermined species of 
in which the chloroplijll is uniformly applied round the wall, but 
after a few days’ darkness it masses at any part of the cell or 
divides into from 2 to 4 portions, which may be disposed in any 
way in the cell. 

I have ascertained that bright sunlight is capable of causing 
alterations in the form of chlorophyll bodies, although but few 
opportunities for the study have presented themselves. So far 
as my observations go they show that the same effects are seen 
in high light as in darkness, and that mnchless time is required for 
their production. Shortening of the Mesocarpus-^lv^tQ (fig, 20 i), 
aiid its collection into a ball at the cell’s centre (fig. 20 e), was 
seen after 50 minutes in strong sunlight, a very peculiar effect of 
which is massing of the chlorophyll so as to forai a couple of 
lenticular bodies separated from each other by a bridge of colour- 
less granular plasma in which pyrenoids may be discovered 
(fig. 15). Should insolation he continued long enough, it may 
happen that the bridge will be disrupted and the lenses thus 
isolated ; occasionally three lenses are formed, of which one 
remains near the centre of the cell. The chloroplasts of Drapm^ 
naldia glomerata condense into a ring of uniforai calibre (fig. 10 a) 
— a prelude, but not a necessary one, to fragmentation, — which 
takes place just as in darkness ; fig. 16 h shows a ring at the 
point of breaking ; 16 g and d represent divided portions of the 
ring, either quite free from each other or connected by a plasma- 
bridge, and rounded off or constricted at places where subdivision 
is destined to ensue.^ All these figures are from a plant exposed 
to bright October sunlight for four hours ; it must he mentioned, 
however, that the chlorophyll of many cells resists the tendency 
of high light to modify its form if only four hours be allowed for 
insolation. 

"We are thus justified in concluding that intense light and 
prolonged darkness act in precisely the same manner upon 
chlorophyll bodies. This action makes itself evident as a dis- 
turbance of the equilibrium of the bodies, inasmuch as new centres 
are defined around which a regrouping of the chlorophyll takes 
place ; and not only so, but, when comparison is made between 
the figures of Plates XIII. and XIV, representing the normal 
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aud tlie positively and negatively fragmented states of tlie cKIoro- 
pliyll, it is clear tliat a large amount of condensation is tlie result 
of its exposure to abnormal light or darkness ; this is especially 
well seen 'when contraction takes place without fragmentation, 
as occasionally in Selapnella (fig. 7 d), Mesocarpm (figs. 20 <?, 
22 d), and in ChcBtopliora (figs. 12 <?, d, e). It appears then that, 
paradoxical though it may sound, fragmentation and condensation 
are really the same phenomenon, the only difference between 
them being that in the former condensation is more violent along 
certain lines than along others, thus entailing disruption, whereas 
in the latter it proceeds equally all round. It will be necessary 
to refer to this point yet once more (see p. 374). 

The long time taken by Belaginella Mariensii over negative 
fragmentation is only what might be expected, seeing that negative 
effects are more slowly produced in sbadedovers than in plants 
with protoplasm toned to higher grades of illumination. It was 
shown in my previous memoir that aquatics are toned to low 
light : how comes it, then, that negative condensation and frag- 
mentation are brought about with comparative rapidity in such 
types as Drajparmldia and Chcetopliora^ The answer is that 
these latter are adapted to strong light because of their liability 
to be carried up to the surface of the water by bubbles of disen- 
gaged oxygen j this is an incidental advantage to the alga, because 
a rapid rate of assimilation is thereby assured. It is a significant 
fact that the chromatophore of the fixed JSatracIwspermum monili- 
forme and CAantransia fygmma takes longer to fragment than 
does the chlorophyll of the above-mentioned free algse. 

Eut in order that the chlorophyll may condense or fragment, 
darkness is not essential. In low grades of illumination precisely 
the same effects follow as in the dark {Draparnaldia^ Cloitopliora, 
MesocarpKs). There is therefore an interval in the pbotrum — 
which may be called the “ orthotactic ” interval — within which 
alone the chlorophyll retains its normal form. I hope to treat 
of this matter on a subsequent occasion. 

Further Observations on JBhotolgsis. 

. Ifn my previous memoir (Journ. Linn, Soc.(Bot.) xxiv. pp. 212, 
|M|) it was mentioned : — 

ill. That the chlorophyll of snn-loving types is negatively 
«||strophized more rapidly than that of shade-lovers and aquatics. 

■ I. That the positively apostrophized chlorophyll of sun-lovers 



TE VEGETABLE EIOLOGT^ 


361 


remains in apostropte when removed to darkness, under which 
circumstances that of shade-loving plants comes out more or 
less into epistrophe. 

During June of last year (1887) the following types were found 
to have the chlorophyll of their lowest layer of mesophyll t cells in 
apostrophe witlun twenty-four hours in darkness ; those to which 
an ^ is prefixed had massed grains within the above period. 


Cheiraiitlius Cheiri. 
Oapsella Bursa-iDastoris. 
^Platystemon californicus. 
Linum grapdiflorum. 
Pisiim sativum. 

Eathyrus odoratus. 
Phaseolus vulgaris. 
Pruniis domestica. 


Petroseliniira sativum. 
Centanrea cyanus, 
Heliantlius tuberoaus. 
Campanula Medium. 
Limnanthes Douglaaii. 
*Solaniim nigrum. 

S. tuberosum. 

Spinacia oleracea. ^ 


In a few shade-lovers, on the other hand, negative apostrophe 
w^as much more slowly induced, thus : — - 

Viola odo 7 *ata. Apostrophe still imperfect after 10 days’ 
darkness (fig. 18). 

Cwccca lutetiancu Apostrophe still imperfect after 4 days’ 
darkness. 

JELedera Hellas. ' Apostrophe still imperfect after 3 days’ 
darkness. 


Vinoa minor. Apostrophe still imperfect after 3 days’ darkness. 
iJ'emopliila imignk. Apostrophe partial in 21 hours ; not 
I complete in some cells after 5 days. 

Mercurialis perennis. Apostrophe complete within a week or 


10 days, 

JBolygo7iatmi ^miltiflonm. Apostrophe incomplete in 1 days. 
Much the same story was told by four aquicolous types 
Jlyperiemn elodes. i 

Brosera 7 *otmdifolia* I Apostrophe incomplete in 4 days. 
IJydrocotyle vulgarisn J 

JEotamogeton crispus. Apostrophe at tip of leaf nearly perfect 
within 24 hours ; but subsequent stages very slow, so that 
the movement had not been completed in eight days; 
further down the leaf progress is still lower. 

The Kanunculuses might at first sight seem to be exceptional, 
that is if M. sceleratus and S. hulhosus are to be taken as types 


t Her© and elsewhere I have used this term to denote all the internal thin- 
walled parenchymatous elements of the leaf except palisade-tissue and bundle- 
sheath. 
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of the hehavioTir of their congeners ; in both of them apostrophe 
was incomplete after three days in the dark, though in the former 
the grains had, within this period, massed to some extent in the 
cells’ arms. -S. sceleratt^s, however, should perhaps have been 
included in the list with Kypericum elodes, as both affect similar 
localities ; and I am disposed to regard B. hulhosiis as essentially 
a shade-lover, for its leaves, almost all radical ones, are commonly 
hidden away among glass-blades, so as to be but little exposed to 
direct sunlight ; the same explanation was advanced in the former 
memoir a p?vpos of the tardy apostrophe of Bawifraga gramolata 
chlorophyll. Another apparent exception is Tropceohm mqjns, 
with apostrophe still imperfect after three days’ darkness ; but 
seeing that this is a climber, and as such liable to he overshadowed 
by its supporting plant, we might expect to find its protoplasm 
toned to the lower grades of illumination, although it appears 
from the first of the above lists that this is not the case with the 
much faster-growing Bismn sativum and Latligrm odoratm. 

In confirmation of the second statement the few facts which 
follow may be cited : — 

B^ydrocofgU vulgaris. Chlorophyll positively apostrophized, 
insolation being continued for seven hours. Three days after- 
wards — the plant having meanwhile remained in darkness — many 
of the grains were in epistrophe. 

Bolygonatim mtiUiflomm. A cut shoot with positively apostro- 
phized chlorophyll, examined after six days’ subsequent exposure 
to the dark, had most of the grains in epistrophe. 

A plant of Viola odorata was set in sunlight for six hours, and 
then placed in the dark chamber ; forty-two hours thereafter 
almost all the chlorophyll was epistrophized. 

The two following experiments, made in J uly, are also in 
point — In the first of these, Viola odorata, Volggonatum multi- 
jiorum, Ivy, and Oi7X{sa lutetiana were the shade-loving types, 
and Senecio vulgaris and Campanula Medium the sun-loving ones. 
They were all set in brilliant sunlight for three hours, and after 
remaining twenty hours in darkness, it was found that whereas 
the chlorophyll of the sun-lovers’ lowest mesophyll-layer was still 
in apostrophe, in the others more or less epistrophe had declared 
itself. The second experiment resulted similarly, Viola odorata, 
Volggonatum multijionim, and Oirccea lutetiana serving in this as 
before and a young vigorous waMower plant doing duty as a 
sun-lover. 
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It was shown in the previous memoir that Lemia trisuha 
is exceptional, inasmuch as in this type the negative apostrophe 
is almost completed in a very short time, although a few grains 
remain in epistxophe days after. Much the same thing is seen 
in the mesophyll of Oirccea lutetiana and also in !Poiamogeton 
erisgtis. Moreover, after positive apostrophe, epistrophe is only 
very partially induced iu darkness with these three. Perhaps 
the peculiarity as affecting Qircma lutetiana may he in part due to 
the small amount of chlorophyll in its mesophyll-cells, and the 
consequently nnimpeded progress of the grains towards the side- 
walls. But I am inclined to think that when its tissues are 
exceptionally transparent, although a plant may he a shade-lover, 
yet its protoplasm is toned to higher grades of illumination than 
would he the case were the leaves more opaque. 

It was also shown that the chlorophyll of palisade-tissues is far 
more movable than had hitherto been supposed ; and, moreover, 
that the grains can he made to mass in darkness. I have ob- 
served positive massing in Viola odorata after between three and 
four hours’ insolation ; not only are the masses on the side-walls, 
but they may occasionally he seen closely covering the lower wall 
instead of, as is the case in diffused light, presenting in bird’s-eye 
view a sort of tunnel lined all round with chloroplasts. In some 
of the palisade-cells of Gonvolvidus arvensis, Platgstemon calif 
nicm, and Sydrocotyh mtlga^ds massing occurred after 4 hours in 
sunlight ; in Clirysantliejuum segettm, Tropmolum ma^m^ and Mat- 
tjiiola incana after 6 hours ; and in some of the large suhepidermal 
cells of Hy dr oclia^is Mo7^sus-7'ana} after prolonged insolation. On 
the other ha-nd, it required 8 days’ darkness to effect much altera- 
tion in the position of the chlorophyll of Viola odoratai in dark- 
ness, as well as in sunlight, the grains of this type may sometimes 
be seen massed upon the lower wall (fig. 17). ISTegative massing 
was also found in OliehrmtJim Gliewi after 2| days in the dark, 
in Ilyd^vcharis Mo^^sus-i'anoe after a week, and after varying 
periods of confinement in many others, including Senecio ml- 
garis^ Primula milgai^is, Qodetiaruhicmxda^ Mibiscm africa^ius^ &c. 
The palisade-chloroplasts of Gircma lutetiana were found col- 
lected into masses after confinement for five days, during which 
period those of the subjacent mesophyll-cells showed no tendency 
""fd mass. 

A few words may he here added as to the method of examina^ 
tion resorted to in the above and similar cases. I have discarded, 
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with one exception, all other practice in favour of simple sec“ 
tions with the razor, taking care not to make the section too thin 
and thereby destroy the cells. Thus prepared, cells may be 
mounted in water rapidly ; and for some time they will retain 
their vitality and betray no change in the jDosition of and no 
injury to the chlorophyll. The exception is where, in examining 
the lowest mesophyll layer, this can be detached without injury 
along with its epidermis by simply tearing off pieces of the latter. 
The only two species admitting of this treatment are, as far as I 
have hitherto found, Viola odorata and (much less favourably) 
Oxalis Acetosella : these are both shade-lovers ; could a similarly 
behaving sun-lover he discovered, the photolytic differences 
between the two groups could be demonstrated to a whole class 
within a few minutes- 

The Activity or Passivity ” Question. 

The behaviour of the chlorophyll of epidermal cells in the 
sun*s rays and in darkness throws a great deal of light upon the 
vexed question of the activity or passivity of the chlorophyll 
grains in photolysis. During the past summer I have had 
many opportunities of studying the epidermal chlorophyll of 
insolated leaves attached to or detached from the parent, and 
either free in the air or covered with a glass slide under w^ater 
frequently renewed. In almost all cases ^ — Viola odorata^ fOirccea 
Ltitetiana, Chrysanthemum Matricaria^ 0. seyetiim, Pyrethrum 
Parthenium, ^Beilis perenniSy Acliillcda Millefolimn, Olleli-^ 
anihus tuherosus, ^Solanmn Dulcamara.^ tuherosum^ OAfta-- 
yallis arvensis^ fllercuriaHs annua, among others — no change 
was observed in the position of the grains even after several 
hours’ direct sunlight — that is, long after apostrophe had sot ia 
in the deeper cells ; and even in the epidermis of ll.ydrooharis 
Morsus-ranm no tendency to apostrophe was detected after seven 
hours’ insolation. Occasionally a cell might be met with in i 
which a few, very rarely all, of its grains were found upon the j 
side-walls ; but so seldom is this seen, that it may well be ques- 1 
tioned whether positive apostrophe is really a contingency in the / 
history of epidermal chlorophyll. Similarly, in darkness the grains f 

I Tlie names marked with an * are tlioae of plants of which the epidermr^l 
chlorophyll contains starch; the t is prefixed to species with but sligiH 
traces ; and the 0 to those with no trace of starch in the chloroplasts of theik 
epidermal cells. 



IS VEGETABLE BIOLOGY, 


365 


do not perceptibly apostrophize, even long after those of the 
iiiesopliyil have done so. Clematis Jlorlda, fOircfj&a Lutetlana, 
^‘ddelUs peremiis, Acldllcea Millefolium^ ClirysantJiemwm Matri-^ 
caria, Heliantlius annuus^ QLactuea sativa^ OAnagallis arvemis^ 
fMercurialis annua, and others may he adduced in support of 
this statement, not the least trace of apostrophe having shown 
itself in their epidermis after three days’ darkness. The chloro- 
phyll, however, sometimes appears to slowly shift its position. In 
the previous memoir I described massing of the epidermal grains 
of Pteris serrulata after three weeks in the dark, and confine- 
ment for a week caused in the epidermis of Mgdrocharis Morsus- 
ranm massing in an angle of the cell or on the free (superficial) 
wall: moreover, in some cases nuclear massing was observed. 
But Stohr^ states that the natural position of epidermal chloro- 
phyll is either upon a front wall or in the immediate neighbour- 
hood of the nucleus ; and I am inclined to support him, believing 
that the nuclear massing in these cells is not an effect of light or 
its absence, or at most is but obscurely related thereto, seeing 
that not only may it be seen in dark-loving plants, but under any 
conditions of illumination as well. 

There is therefore no alternative but the conclusion that if 
apostrophe (negative or positive) be manifested in epidermal cells, 
it is exceedingly rare. Could a stronger argument be adduced 
against the doctrine that the chloroplasts contribute to these 
movements ? It might indeed be urged that epidermal chloro- 
phyll is in some respects different from that of the underlying 
cells, since Stohr® declares that starch cannot be detected in it. 
This, however, traverses Be Bary’s^ statement that epidermal 
chloroplasts “ eventually ” contain starch, I have endeavoured'^ 
to show both these views to be incorrect ; for not only are there 
many species (42 per cent, of those examined) wdth starchless 
epidermal chlorophyll throughout life ; but the grains of species 
with vigorously assimilating chlorophylP can readily be dis- 
amidated in darkness and recharged with starch in light, Now 
the two lists just given include the names of species (i.) with 

^ Sitzb. deik. b, Akad. Wien, 1879, ^ Op, cit, 

^ Vergl. Anat. p. 70. English Edition, p. 66. 

Joiim. ofBot, Doc. 1887. 

® I speak in the conventional sense, without .any special reference to Prings- 
iieim’s theoi*y. 
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plenty, (ii.) with traces, and (hi.) -witli no signs of starch in the 
cliloroplasts of their epidermis ; consequently the movements 
of the latter are not dependent upon their capacity for assi- 
milation. 

If the objection were raised that the argument here used, 
when carried to its logical conclusion, would militate as strongly 
against Sachs’s view, that the cause of photolysis is to he referred 
exclusively to the nioven-ents of protoplasm, the answer would, 
it is apprehended, he somewhat as^, follows .* — It is true that the 
epidermal cells, having in most species a nucleus, a protoplasmic 
reticulum, and cliloroplasts, do not differ in any essential feature 
from ordinary cells ; but it is no less clear that, whether from an 
originally small supply or from the great stretching undergone, 
the relative quantity of protoplasm contained in them is very 
small. In my previous memoir the dependence of photolysis 
upon protoplasmic momentum on the one hand, and inertia of 
the chlorophyll on the other, was (ih is hoped correctly) explained. 
It is therefore no matter for surprise if, in face of the diminution 
of one of the two factors of this momentum, viz. the mass, photo- 
lytic phenomena should be in abeyance. It might perhaps be 
safe to go further than this and maintain that the protojffasm is 
incapable of moving the grains because, whether from the ex- 
haustive calls upon it in connection with the thickening of a 
w'all or walls, from the injurious effects (frequently observed) of 
continued sunlight or other causes, its capacity for movement has 
been diminished or lost. I am also inclined to believe, as no 
other alternative suggests itself, tliat iu those epidermal cells 
well provided wdth apparently healthy chloropliyll without starcliy 
contents, the deficient factor is protoplasmic energy ; and if this 
be correct, the failure of jihotolysis to come off in epidermal 
tissues is easily understood. At any rate, it is submitted that, 
in view of its inability to s^tod the crucial test here applied to 
it, the “ activity” doctrine should henceforth be dismissed from 
Yegetable Physiology. 

Light and the Ohloro^ligll Llate of Mesocarpus. 

Stahl ^ is our creditor in respect of some beautiful discoveries 
of the roovement of the chlorop^hyll plate of Mesomrpiis scalaris, 
Hass* His observations may thus be summarized : — 

^ Bot. Zeitung, 1880, p. 299, &c. 
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(i.) In diffused light the chlorophyll plate places itself at right 
angles to the incident light: very poor grades ofilluminatioii can 
excite this movement. 

(ii.) Ill sunlight the edge of the plate is turned towards the 
source of illumination. 

(iii.) On continued insolation, the plate, straight till now, 
assumes a curved figure. 

I am not quite sure if I rightly iutei^ret Stahl’s views on the 
first of these points. "What I find is this : — If a Mesooarjpm 
scalar is'^ plate be placed so as to receive from two sources rays 
of diffused light in planes at right angles to each other, and if 
it have originally been face up (fig. 19 h) to the rays having the 
greater intensity, it will remain in this position ^ but should its 
edge have been shown to the stronger rays (fig. 19 a% it will, 
after a short time, turn round upon its axis through 90°, so as to 
face them. Obviously there is more here than a mere setting 
broadside on to diffused light ; because if a similar experiment 
be arranged, but so that the lower intensity of the former occa- 
sion be the higher one of this, it will be found that the plate will 
turn BO as to face these rays of higher intensity ; in other words, 
it places itself in such a position as to cut the greatest possible 
number of rays of diffused light of the highest illuminating value. 
There is something in this suggestive of the behaviour of a piece 
of soft iron in gathering up the greatest number of lines of 
force ” when placed in a magnetic field. 

The time required by the movement to complete itself appears 
to ^vary inversely as the intensity of light. Thus, during the 
month of August last the following average values were ob- 
tained : — 

In good diffused light the plate swings round in 7 minutes. 

In medium „ n 15-20 „ 

In lowest „ „ " „ l|-2 hours. 

To the dictum that the plate turns edge up to sunlight I have 
some objection to take. The result of many experiments made 

* I have called the subject of the following researches M. scalar is ; and I 
helieTC the determination to he correct. In former years I have obtained 
3£,pleurocarpiis, Dq Bary (recognized immediately by the geniculate junctions of 
the threads), from the pond which furnislied the specimens used this year, 

• between which no junctions were found., But for this difference the two species 
are very much alibe, except during conjugation, which I have not been fortunate 
enough to see in either. 

JUNK. JOUUH.— BOTAKT, VOL. XXIV. 2 Q 
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during tlie past suinmer in strong smiliglit left me no alterr.ali\^e 
Init to decide that Stahl had misread his test in toto ; but a 
resnrvey of the ground in October has coiiTinced me that he is 
correct, but only so far as weak sunlight is concerned, under 
which circumstances, on several occasions, I saw the broadside 
plate slowly turn over and take np its position along the axis 
of the cell, the only difference observable between this movement 
rfnd that in diffused light being the longer time required — from 
20 minutes to half an hour as against 10 minutes ; and the only 
effect of eontiiiLied insolation was to cause the appearance of 
curves in the plate. In strong sunlight however, the turning 
movement is in abeyance, as reference to figs. 20 will show. 
The fix’st of tliese (fig. 20 «) indicates the approach of either half 
of tlie plate to a side-wall ; but as the relation is to opposite sides, 
a curved fi.gnre ensues, the central part of which remains in its 
original position f. I’ig* 20 b shows a plate of wdiich both halves 
have been similarly affected, in consequence of which it has 
moored itself to one of the side-walls, where, however, it still lies 
face up, its position before insolation*, at a further stage the 
plate has turned round upon the side-wall, thus completing its 
apostrophe (fig, 20 c). The effects of the sun may sometimes be 
more violent than this ; for instead of one half of the plate being 
forced to one side of the cell and the other to the opposite wall, 
this difierence may manifest itself in the same half, the upshot of 
which is a sigmoid figure (fig. 21^); or while the centre of the 
plate is urged to one wall, the two ends make for the other, 
w^hereby the form of a wide saddle is produced (fig. 21a), In 
all this there is nothing but what might be expected d priory 
given a long and wdde cldoroplast and an alternative position in 
the cell ; it finds its analogue in the streaming movements over 
the illuminated (superficial) walls of the cells of insolated Elodea-- 
leaves, movemonts which may even continue for a little time 
after rotation has declared itself. These figures, wddeh take from 
a half to one hour to produce, are not pathological j for they are 
abolished after sometime in diffused light, likew^ise within twenty- 
four hours in darkness, and the re-formed plate is unimpaired, as 
is proved by its capacity to swing round just as before insolation. 

^ In autniun as well as in summer. ■ 

t Compare this with fig. 7 e, which shows the same thing in SekigimUa 
Matiendi, 



IN VEGETABLE BIOLOGY. 369 

The plate’s contraction in snnliglit and the formation of lenticular 
bodies have already been adverted to (see p. 359). 

It appears, then, that in strong sunlight the chlorophyll plate 
is apostrophized, and that apostrophe makes way for epistrophe 
in diffused light and darkness. It might further be expected 
that negative apostrophe succeeds epistrophe, and clear indica- 
tions have been obtained in proof thereof. The effects of dark- 
ness on the plate are shown in figs. 22 h-d. Here fig. h is that 
of an apostrophized plate l^'ing face np, the position it occupied 
before confinement : in fig. c aposti'ophe is more pronounced, 
while curves are seen in the plates of fig. and the niicleu's has 
been pushed up to the wall. These figures are taken from a spe- 
cimen shut up for fourteen days in October ; but in summer 
the movement is much more rapid; indeed, in one case I foued 
sickle- and L-shaped figures, and others like that of fig. 20 a, after 
only nineteen hours in the dark, but this is quite exceptional. 
It is only until three (exceptionally two) days that the apostro- 
phizing efiect of darkness becomes visible : recovery in diffused 
light is more rapid — from forty-eight hours’ confinement within 
twenty-four hours, including the night ; from fourteen days’ in 
twenty-seven hours. 

To produce negative apostrophe, however, darkness is not 
necessary. A few days in very poor diffused light may suffice to 
throw the plates into gentle curves, while at the same time move- 
ment towards a side-wall may betray itself. The curves, whether 
positively or negatively produced, I am inclined to explain in the 
same, way as the sigmoid figures, of which they seem to be the 
earliest syrnptotns. 

The law that positive effects require less time than negative, 
called in my former memoir the “law of positive progression/ ’ 
would seem to be departed from in this instance, seeing that the 
plate which in good difiiised light can swing round in seven 
minutes, takes more than twice as long to do so in sunlight. 
This departure from the law is perhaps apparent merely : in other 
respects the law’s dictates are obeyed ; for not only has it been 
shown that the turning movement is quicker in high than in 
low diffused light, but the plate is much more readily apostro- 
phized positively than negatively. In fact, we have here two 
totally distinct phenomena, viz. alteration in tlie plate’s plane and 
apostrophe, and it has been shown that when the latter comes 
upon the scene, , the former is in abeyance. Now apostrophe 

2 G- 2 



370 


mb. s. m M. moobe’s studies 


under the most favourable conditions requires at least half an 
hour for its completion ; and there is reason to believe that the 
swinging movements in sunlight are associated with apostropliic 
ones. Ought it therefore to be a matter for wonder that these 
movements are performed in periods intermediate between those 
required for the turning of the plate under the most favourable 
circumstances in diffused light and those necessary for the pro- 
duction of apostrophe ? 

Of light as a fructifying cause, 3Iesocarpus affords an interesting 
example. This is shown in two ways : if a specimen be so 
arranged that, the plate having been in full face, considerable 
approaches are making towards the profile position, or vice versd^ 
on plunging now into darkness and examining after a short 
interval, the movement will be found to have been almost or 
entirely completed. A second instance is yielded by the behaviour 
of the plate in darkness, I find that correct prediction as to 
the position (face or edge up) which any given plate will occupy 
after a few hours’ withdrawal of light is impossible ; for in some 
of the cells the j)lates which previously lay face up will now show 
their edge, and vice versd ; indeed, difference is frequently observed 
even in neighbouring cells. These variations I venture to explain 
on the view that a registration of the impulses of light goes on 
in the chloroplast, so many urging the plate into one plane and 
so many into the other. Should the two sets of impulses he 
equal, then no swinging movement ensues ; but if one set predo- 
minate, the plate turns accordingly. 

It is submitted, then, that — 

(1) In diffused light the chlorophyll plate of Mesocarpm sets 
itself so as to cut the greatest number of light-rays of the highest 
intensity. The time occupied by the turning movement varies 
inversely as the strength of the illumination. 

(2) In weak sunlight the plate turns edge up j hut the effect 
of strong insolation is to drive it into apostrophe ; when difierent 
sides of the cell are approached by different parts of the plate, 
then sigmoid and saddle-shaped figures result. 

(3) The plate can be negatively apostrophized, but only after 
the lapse of a period much longer than is necessary for positive 
apostrophe to declare itself ; the negative movement comes off 
in low light as well as in darkness. 

(4) When the turning movement is in progress, it will not be 
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stopped in tlie dark i£ light have imparted sufficient impetus to 
the plafce. 

(5) In darkness the plate may turn so as fco remain either 
face np or on its edge. The position ultimately assumed depends 
on the accumulated (potential) effects of light. 

On Chlorophyll Mgures. (jPrelminary Notice.) 

p 

It was stated in the former memoir that prolonged insolation, 
as Stahl showed, causes the chlorophyll to mass in the corners 
of the cells (mesophyll of Omits Acetosella ^ &c.). It was also 
shown that the same thing occurs upon long-continued with- 
holding of light ; and when remarking on this, in connection with 
NschscJwltzia californica.^ it was noted that the grains lie so closely 
together as to be liable, but for tlieir colour, to be taken for local 
thickenings of the wail-— a very different state of things from that 
portrayed by Stahl, where the grains, although near together, are 
far from being so closely crowded as to give this impression. Had 
Stahl continued the insolation, he would have found that these 
massed grains touch and then adhere to eacii other (“ cohesion ”), 
and might further be so firmly v/elded together as apparently to 
lose their individuality — thus exhibiting what it is proposed to 
Qdll coalescence.^' 

Senecio mlgaris is a very good type for the study of this 
curious plienomenon ; the only requisite is a brilliant day with 
sunshine (for five or six hours) as strong and unintermit tent as 
possible. Kg. 23 a shows a iVhsfoc-like chain of cohering 
granules seen, in bird’s-eye view, lying across the lumen of a 
palisade- cell of a mlgaris set for several hours in strong, but 
in this case intermittent, sunlight. Cohesion is here very well 
pronounced ; but it is doubtful if coalescence has set in, for there 
were dark lines between the grains, except in one instance, it is 
true: whether, however, this latter is a result of coalescence,. or 
is a representative of a single grain in course of division, it is 
impossible to say. From the palisade-tissue was also derived 
fig. 23 Z>, where the sun’s action has led to the formation of an 
OpMoegtiumAiko^ mass of chlorophyll in wbicli cohesion was 
plainly betrayed, hut in which I failed to obtain satisfactory 
evidence of coalescence, except at the narrow portion, where it 

* Stahl, Bot, iithtuug, 1880. The figure alluded to is well known from its 
reproduction in t he general works of Sachs and Pfefler, 
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lias apparently set in. The niesophyll is, however, the best tissue 
for the present purpose. At fig. 24 is shown a chlorophyll mass 
whereof nearly one half was composed of grains forming by their 
coalescence an irregularly outlined figure, the remaining grains 
merely cohering together. A view of an entire mesophyll-cell 
is given in fig. 25 ; this shows grains in several places so com- 
pletely coalesced, that it was impossible with the best focussing to 
resolve the mass into its constituent portions — at another spot 
(marked coli) perhaps cohering, though possibly only closely 
massed; and at one point in simple apostrophe. The figures 
formed by the coalesced chlorophyll grains are very various; 
indeed, they depend upon the form and extent of the cell’s arms, 
in which they lie pressed together so tightly that the original 
lines of separation have vanished. As another instance of this 
may be cited the mesophyli of Solanmn nigrum (fig. 27) after seven 
and a half hours’ insolation. In this figure the grains in the celFs 
arm have to all appearance coalesced, while those in the imme- 
diate neighbourhood were in cohesion. Similar facts were ob- 
served in a number of types, among others Meseda odoraia and 
CircdEa lutetiana upon seven hours’, and Migella dmnascem^ 
MatMola incmia^ and Tropcsolum majm after six hours’ iaiso- 
lation. 

It is necessary to add that great caution is required before 
determining that the chlorophyll grains have really coalesced, as 
in many cases of apparent coalescence more caretiil examination 
teaches that cohesion, or sometimes mere massing, is alone in 
question : this is especially frequent when the presumed coalesced 
mass stands side up to the observer, since a number of grains 
closely packed one behind the other may produce an impression 
of solidarity which, as surface-views may show, is far from being 
the actual state of afiairs. A satisfactory proof of coalescence is 
fuamislied by what it is proposed to call chlorophyll figures : ” 
these are obtained by teasing out in water small pieces or sections 
of leaves previously exposed to sunlight for several hours, under 
which circumstances among the numerous single chloroplasts 
may here and there be found floating masses of chlorophyll much 
larger than individual grains, and sometimes still retaining, in 
spite of the action of the water, the form impressed upon them by 
the limits of the space within which they were packed. Such is 
the source of figs. 26 taken from a leaf of Benecio mlgaris 
insolated for seven and a half hours. It must ho confessed, 
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however, tliat the number of these escaped masses is not so great 
as might be expected : this is probably due to difficulty in dis- 
lodging them from the cells without injury. 

If a leaf of Vallisneria spiralis be cut of£ and set in water in a 
shallow vessel exposed to bright sunlight, tbe protoplasm both 
of tbe superficial and deep cells soon begins to rotate, tbe chlo- 
rophyll being carried along with tbe stream. This movement 
will continue for some time ; but in long-continued sunlight it 
eventually comes to an end, a prelude to the destruction of tbe 
protoplasm whereof this is tbe first visible sign. In cells with 
this light-stiffiened protoplasm it is usual to find the chlorophyll 
massed upon any wall, frequently round the nucleus ; and careful 
examination will show that the originally round grains have become 
polyhedral by mutual pressure (fig. 28 a). By prolonging the 
insolation — any recovery in diffused light (supposing the proto- 
plasm to be capable of such) being prevented by setting tbe leaf in 
darkness overnight and retaining it there ready for removal to sun- 
light on the morrow — the massed grains can be seen first to cohere, 
and ultimately in some cases to coalesce into figures of variable 
shape, occasionally forming a beautiful lattice-work extending 
over a small part or almost the wdiole of the cell (figs. 28 h-e). 
Destruction of the protoplasm is accompanied^ — never, I believe, 
preceded — by discoloration of tbe chlorophyll, which still retains, 
for some time at least, the forms impressed upon it by virtue of 
the coalescence of its grains. The ultimate fate of the coalesced 
masses was not ascertained. 

Although less expeditious, it is easier to study this pheno- 
menon from the negative side, because the requisite conditions? 
obtained wdth so much difficulty when the agency of sunlight is 
invoked, can always be readily commanded, JECelicmtlms annum 
is a convenient type, though almost any plant t will answer the 
purpose. A small mesophyll cell of this species from a plant 
confined to darkness for forty-one hours is represented at fig. 29 a ; 
it shows the chlorophyll coalesced into four masses in the cell’s 
arms ; two, being broadside on, bave stood tbe test of the fullest 
examination ; in the other two, which are soinewdiat in profile, 
there seems no doubt of coalescence, although faint indications 

* Perhaps followed ; for it is difficult to say exactly when the protoplasm 
actually dies. 

t A .sim-lover should be selected, because negative apostrophe and massing 
are readily induced in such. 
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of the grains are visible in both ; the small mass upon the left 
shows very incomplete coalescence, if, indeed, mere eoliesion be 
overstepped. Similar appearances were obtained from, among 
many others, wallflower mesophyll, after 2| days’ darkness, by 
which time coalescence was setting-in in cells of the palisade- 
tissue ; Bryonia dioica (four days), Kydrocotijle vulgaris (a 
fortnight), Senecio vulgaris, BscJischoltzia californica, &q. In 
some of the palisade-cells of JELydrocliaris Morsus-ranw the grains 
seemed to have coalesced after a week in the dark — at least it 
was found impossible to fully resolve the mass into its constituents. 
Such cases are, however, unsatisfactory, owing to the small 
size of the grains and the consequent difficulty in seeing them 
properly. 

As in Vallisneria , the grains, when they come into close 
relation, become polygonal by mntnal pressure*. Extreme in- 
stances of this will be seen on reference to fig. 29 h (Helianthus 
amiuus) and fig. 31 {Bryonia dioica), each representing an arm 
of a mesophy 11-cell in broadside view. In the first of these there 
are five grains, of which the central one has been greatly reduced 
in size and rendered rectangular by the pressure of its four trape- 
zoidal neighbours. Lines of division are still to be made out, 
although it is possible that some amount of coalescence may have 
taken place. Eig. 81 shows the grains closely cohering, and 
perhaps in incipient coalescence, though this could hardly be 
the case if the well-defined white cross be, as I suspect, cell- 
protoplasm separating four grains f. 

Comparing figures of the chlorophyll body of Selaginella ilfar- 
tensii (figs. 1 a, h, c) with those of coalescing chloroplryll grains 
(figs. 25 & 29), it is seen that in all there is a quantity of amor- 
phous chlorophyll contained in a limited space. Eeason has been 
given for the supposition that if the upper-layer cells of a 8ela^ 
ginella leaf could stretch, fragmentation of the chlorophyll would 
ensue ; and the same result we know happens when the pressure 
is relieved fro^^^^balescent chlorophyll hy exposing it to epistro- 
phizing grades of illumination. Is there justification for going 
further than this, and holding that the massing (positive or 

* On a subsequent occasion I hope to discuss this yielding to pressure in 
connection with th©^ presumed dependence of the size and form of chioropliyll 
grains upon insolation. 

t I greatly regret not having solved the doubt upon this point ; its import- 
ance escaped me until it was too late in the year to repeat the exporiinent. 
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negative) of mesopliyll and palisade cUoropliyil is merely a plie- 
nomenon of fragmentation? If so, tlie whole matter should 
perhaps be viewed somewhat in this way : — In diffused light of 
medium strength the previously aggregated protoplasm spreads 
itself out upon the cell-w^all, moving in the direction of least 
resistance to do so. [Upon this point see also p. 380.] Should 
this direction be such that the aggregates are drawn towards one 
another, the chlorophyll not being differentiated from the proto- 
plasm, coalescence ensues, and a single chlorophyll body is formed 
in each cell (Sela^mella, Drajparnaldid ) ; hut if the chlorophyll 
has undergone differentiation from the protoplasm, release of 
the latter from pressure must clearly be followed by separation 
of the several chlorophyll masses. 

Mention should here’ be made of the iafce Cliarles Barwiii^s^ 
discovery of the aggregation ** of chlorophyll grains of Dio- 
nma muscipula and other types upon their exposure to weak 
solutions of ammonium salts. Darwin has furnished evidence 
tending to show that the grains, even when aggregated beyond 
all possibility of individual recognition, can be regenerated — a 
proof that any changes caused in the grains themselves by the 
salt cannot be very far-reaching. Is it possible that proto- 
plasmic movement is at the bottom of this, as it is of the coales- 
cence in sunlight and darkness ? An enhanced rate of stream- 
ing was directly observed by Drancis Darwin t and by H. de 
Vries J in the cells of Drosera tentacles lying in solutions of car- 
bonate of ammonia; and should the streams converge towards 
certain points, it is easy to understand how the grains would he 
driven into a heap, and thus prepared for becoming firmly welded. 
Perhaps in this case, and also when coalescence ensues in sun- 
light or darkness, contact induces some slight change in the 
grains whereby they become weldable, as impacts of relatively 
great violence without any supervening coalescence can occur 
between grains of JEhdea canadensis suddenly set in bright sun- 
light. But the whole subject is as obscure as it is interesting. 

Journ. Lima. Soo., Bot. vol. xix. p, 26G. 
t Quart. Jouria. Microsc. Sc. 1876, p. 309 &c. 
f Bot. Zeitimg, 1886, p, 1 &c. 
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On the Lateral Position of the ClilorophtjU of Palisade-Oelh. 

An interesting problem is propounded wlieu it is aslced, What 
is the reason that we find the chlorophyll of palisade-cells ranged 
upon the sides at ordinary grades of illumination? Stahl* 
supposes this to be a method whereby the chlorophyll is with- 
drawn from undue illumination — a doctrine vigorously assailed by 
Haberlaiidt f , whose idea is that the position of the chlorophyll 
depends upon the form of the cell with this exception, that the 
transverse walls are left free of chlorophyll in order to facilitate 
the passage of assimilation-products through them. Haberlandt 
bases this notion upon the followdng chief grounds : — 

(1) That in some types (Ornitliogalmi nutans, 0. wnhellatum, 
Muscari racemosuni, Scilla hifolia, Viola odorata, Poiggomm Bis- 
iorta, Baminculus Ficaria) on cloudy days the transverse v/alls 
of the palisade-cells are more or less studded with chlorophyll 
grains, which in clear weather and in sunlight move on to the 
sides. 

(2) That if Stahl’s view be correct, we ought to find all those 
cells’ walls parallel to the surface destitute of chlorophyll, and 
all perpendicular, or nearly perpendicular, w^alls provided there- 
with. This is not the case, since — 

(a) Chlorophyll is sometimes ranged upon the lower transverse 
wall when this abuts upon an intercellular space. 

(h) Cells ending freely in the respiratory chamber without 
reaching the epidermis have chlorophyll upon the free end. 

(c) The cells are sometimes curved, occasionally to such an 
extent, that tht^y become L-shaped ; the septa intervening between 
the cells must obviously be either oblique or vertical when seen 
in transverse section. Now in the horizontal and inclined por- 
tions of these cells the chlorophyll has the same disposition asm 
the vertical part, while the inclined and vertical septa are de- 
nuded of chlorophyll. 

Haberlandt further insists upon the more or less perfect radial 
symmetry of the assimilating tissues of plants with reference to 
the vascular bundles, by which means, together with the absence 
of chlorophyll from the septa, provision is made for the rapid 
transport of assimilated matters to the bundle-sheath. 

^ Bot. Zeitang, 1880, p. 299 &c. 
t Ber. d. cleutachen bot. Gcsell. 1886, pp. 
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It is now generally agre.ed that the palisade-tissne is the chief 
locus of assimilation, the products of which pass, by the ineso- 
phyil, to the buudle-sheath, and so to the bast* * * § ^. I venture to 
doubt, however, whether this be the whole truth of the matter. 
The leaf-cells of ^ri/onia dioica contain a substance (the so-called 
“ soluble starch ”) blueing or purpling with iodine, and pre- 
senting certain of the reactions of tannin ; it is regarded by 
Bufoiir t as a carbohydrate, by Kraus J as tannin. Whatever its 
nature, this body is undoubtedly a product of assimilation ; it is 
thei'efore an easy matter, after causing its disappearance by the 
aid of darkness, to ascertain the precise direction taken by it, 
since with wmak iodine it gives a characteristic blue reaction. 
The epidermal cells lining the lower side of the leaf contain 
numerous well-coloured chlorophyll grains iu which starch can be 
detected ; the upper-layer cells are without chlorophyll §. The 
substance in question is discoverable, by the indicated method, 
not only in the mesophyll and above all in the palisade-tissue, 
but also in considerable quantity in both upper and low^er epi- 
dermis, and likewise in the basal cell and one or two of the suc- 
ceeding cells of the hairs. When a stronger solution of iodine 
is used, a markedly deeper purple is seen in the somewhat 
elongated epidermal cells overlying the vascular bundles than in 
the other cells. This seems to show that in addition to the 
downward passage of assimilated matter already adverted to, there 
are two subsidiary overflow streams — an upward one from the 
palisade region, and a lower one from the mesophyll into the 
upper and low^er epidermis respectively, which latter tissues and 
the hairs would appear to be important reservoirs of assimilated 
material ; and the accumulation of this in the cells overlying the 
vascular bundles indicates its transport laterally in the epidermis. 
If this be so, Ilaberlaiidt’s case is strengthened, as a reason is 
now, upon bis doctrine, furnished for the absence of chlorophyll 
Irom the upper transverse wall of the palisade-cells, L e. the wall 
abutting on the epidermis. ISTevertheless, I am unable to agree 
with this author in regarding the position occupied by chlorophyll 

* On tins point seo Haberlandt, in Prings, Jalirb. f. wiss. Bot. xiii, 1882 ; 
Strasbnrger, Practicum, Pensum XVII. ; Scbimper, Bot. 2/eitiing, 1885. 

t Bull. Soc. Vaufl. cl. Se. Nat. 1886 (see Bot. Zeitung, 1886, p. 869). 

I Abbandl. naturf. Gesell, Halle, 1885; briefly abetractecl in Journ. R. 
Micros, Soe,, Feb. 188(). 

§ Journ. of Bot., Doc. 1887. 
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as in any way related to tlie transport of nntrimental substance, 
and for tbe following reasons — 

(1) Tlie assimilated matter produced at or near tlie equator 
of palisade -cells not laterally connected must pass along these 
cells^ side before arriving at a septum : they must thus move 
upon a ebloropbyll-paved road, so that tlie grains cannot inter- 
pose any efficient obstacle to the passage. If tbe cells are in 
contact, lateral movement of assimilated material might occur ; 
but the position of tbe cbloropbyll would, on Haberlandt’s bypo- 
thesis, render this difficult, if not impossible. 

(2) Siicb a case as that shown in fig. 7 of Haberlandt’s 1886 
memoir'^ (reproduced here as fig. 33) does not harmonize with 
his theory so far as regards the vertical septa, since the supposed 
advantage derived from keeping the walls free from chlorophyll 
would favour a lateral passage of assimilated matter. 

(3) The arrangement of the chlorophyll upon the periphery of 
palisade-cells is an expression of tbe fact that the greater part of 
the protoplasm is situated there ; since, were streaming to take 
place from here to the transverse walls, tbe grains would thereby 
be shifted on to these walls — a very rare occurrence. Now, upon 
Be Yries’st theory, which seems well founded and to which no 
objection has, I believe, been taken, the transport of assimilated 
matters is facilitated by circulatory and rotatory movements of 
protoplasm, movements in which the chlorophyll grains are pas- 
sive participants. How, then, is it possible to see in the almost 
or entire absence of streaming from certain parts of a cell a 
means whereby rapid transport is effected there ? 

(4) Before the validity of the theory in question can be 
admitted, it must be shown that the chlorophyll ranged upon a 
cell- wall really blocks the passage of assimilated maierial there- 
through. One difficulty in the way of accepting this view has 
already been adverted to : might one not as soon expect to 
arrest the current of a river by mooring a few boats acro.is it, as 
that protoplasmic streaming should he stopped by the interposi- 
tion of isolated chlorophyll grains ? 

(5) But the large number of exceptions to the supposed rule 
puts great difficulty in the way of recognizing it as such. Taking 
inesophyll first of all, what do we find ? In diffused light of 
medium intensity the grains are in epistrophe, the septa being 

* Ber. (1. deiitschen bot. GesoU. 1880. 
t Bot. iieitung, 1885. 
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quite free of clilorophylL In sunliglit the grains first move on to 
the side-walls and then into the arms, where they ultimately 
mass upon or near the septa. Now in sunlight assimilation is 
more rapid than in diffused light ; but on Haberlandt s theory 
precisely the opposite of what occurs would have been predicted, 
viz. that increase in the rapidity of assimilation would be accom- 
panied by greater facilities for — or at the very least not signalized 
by the interposition of obstacles to — the passage of its products 
from cell to cell. Again, it is a remarkable fact that when cells 
stretch in the plane of the leaf and not perpendicularly thereto, 
as is the case with many aquatics, the chlorophyll is disposed, in 
diffused light, upon the upper and lower walls, leaving the side- 
partitions free from it. Under these circumstances the assimi- 
lated matters of, say, an Elodea-ce^ are free to pass either out- 
wards towards the edge or inwards towards the midrib, or apically 
towards the tip, or hasally towards the bottom of the leaf.* In 
good diffused light and in the sun’s rays the grains are apostro- 
phized and rotation sets in, the four walls previously hare being 
now traversed by the protoplasmic stream carrying with it the 
chlorophyll, and the two previously chlorophyll-studded walls 
being now bare. If Haberlandt’s theory be correct, the products 
of assimilation are now free to move only upwards or downwards 
{i. e, outwards or inwards), and not laterally towards the mid- 
rib : consequently difficulties so great as to put a positive em- 
bargo on transport accompany an increased rate of assimilation. 
Further, Haberlandt himself cites instances of palisade-tissues, 
the arrangement of the chlorophyll of which is such as, upon his 
theory, to point to lateral transport as the advantage derivable 
therefrom. But direct conveyance is, according to him, ensured 
by, firstly, radial disposition of the assimilating tissues with 
respect to the vascular bundles ; and secondly, absence of chlo- 
rophyll from a septum or septa nearest to the vascular bundle. 
One of these cases of presumed lateral transport has just been 
noticed; another, figured by Haberlandt^, shows the transverse 
septa between straight palisade-cells deprived of chlorophyll. I 
venture to give the following reason for this disposition. It has 
been shown that the chlorophyll of palisade-cells tends to mass 
in darkness and in the sun’s rays ; and seeing that photolytic 
movements are induced in the mesophy 11-cells of the higher aero- 
phytes at low grades of illumination, it is most probable that the 
^ See fig. 8 of his 1886 memoir {Cirsium pamomcmm). 
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grains of palisade elements shift tHeir position in feeble light. 
Now in the case under notice Haberlandt found the grains col- 
lected upon the walls bounding intercellular spaces, tliat is on 
the concave walls ; and it is here that, upon the inechauical doc- 
trine advanced in the previous memoir, friction being at its 
maximum, we should expect massing to occur It is therefore 
ray belief that Haberlandt’s specimen was examined under too 
high or too low a grade of illumination t ; in fact, substantially 
the same arrangement is shown in figs. 8 and 9 of my previous 
memoir. Tbe fact of the departure of chlorophyll from lateral 
septa taking place not only in sunlight, when assimilation is 
enhanced, but in darkness, when it is in abeyance, proves that 
transport of assimilated material is in no way related thereto. 

Bnt if Haberlandt’s doctrine must be rejected, however inge- 
nious it may appear, and if StahFs apostrophe notion meet with 
the same fate, what theory will explain the facts of the case ? The 
answer is that the protoplasm in the course of its redistribution in 
a cell moves in the direction of least mechanical resistance, provided 
the attracting or repelling action of light impose no obstacle to such 
movement. It was Velten X who some years ago started the least- 
resistance notion in explanation of the constancy of the plane of 
tbe rotating protoplasm of Elodea &c. ; and the same reason may 
be adduced for the arrangement of the chlorophyll upon the 
upper and the lower "wall when rotation has ceased. So, too, in 
a palisade-cell with massed chL)ropliy]i ; when illumination again 
becomes favourable, the heaped protoplasm tends to dll a wider 
area, and in so doing moves where it finds least resistance to its 
passage. Now the grains mass upon the side of palisado-cells, 
only exceptionally upon a transverse wall§; so that when the 
protoplasm streams out, the coefficient of friction of tho moving 
mass against tbe stationary limiting layer will be highest wliert* 
the side is cut by a transverse septum, and still relatively high, 
at the point of junction of the side with an oblique septum; 
hence the absence of chlorophyll from the septa. Moreover, tho 

* I am iiielined to extend this notion so as to embrace all cases of naissiug 
or apostrophe upon the wails bounding intercellular spaces. As eases in point, 
see figs. 1 and 5 of Haborlandt’s 1886 memoir, 

t Perhaps the sectioning practised by Haberlandt tended to drive the grains 
from the septa more rapidly than would otherwise have been the case. 

I Flora, 1878. 

§ As is admitted by Haberlandt him.«elf (see 1886 memoir, ]>. 210). 
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presence of clilorophyll on the free ends of palisade-cells which 
run up into the respiratory chamber is readily conceivable when 
it is remembered that, in consequence of the way in which these 
cells are rounded off, inequalities in the resistance to the trans- 
ference of their protoplasm are obviated or at least minimized. 

Although it is wandering somewhat ont of my way, I should 
like to make a short statement with respect to palisade-tissue, 
upon the development of which Stahl ^ and Pickt have shown 
that light has great influence, the latter going to the length 
of ascribing to heliotropism tlie frequently observed variations 
from the perpend lenlar of these cells. Haberlandt J regarded the 
object of the perpendicularity of palisade- cells to be the increase 
in assimilating capacity, and tlieir arrangement in the leaf the pro- 
vision of a means whereby assimilation-products might be rapidly 
transported to the bundle-sheath. Heinricher §, while agreeing 
with the last-named that the assimilating-tissnes are so arranged 
with reference to the vascular bundles as to ensure quick passage 
to the latter, finds himself allowed no option but to seek for the 
exciting cause in the intensity of illumination, a view to which 
Haberlandt |t has recently subscribed. Both Pick and Heinricher 
are agreed that perpendicularity to the leaf-plane is a hereditary 
character of palisade-cells, the difterence between them being 
whether strong light can cause all the distinction between iso- 
diametral cells or cells even elongated somewhat in the direction 
of the leaf s long axis and typical palisade-elements. Certain of 
Stahl’s and Pick’s figures hear out the view that this can happen; 
whereas Heinricher and Haberlandt maintain the effect of light 
to be traceable only in the further elongation of cells already 
having palisade form. The notion of Pick that variations from 
the perpendicular depend upon obliquity in tlie incidence of 
light is combated by Heinricher, who holds, and apparently 
with reason, that they are the result of dislocations brought 
about by the growth and stretching of other of the leaf- 
tissues. 


^ Bot. Zeitmig, 1880, and Jenaisehe Zeitseh. f. Naturwiss. 1883. 
i* Bot. Centralblatt, Band xi. 1882, p. 400 &c. 

I Brings. Jalirb. f. wiss. Bot. xiii. 1882. 

§ Brings. Jahrb. f. wiss. Bot. xv. 1884. Burther bibliography will be found in 
one or other of the above memoirs. 

II Ber. d. deiitsclien bot. GoselL 1880. 
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The remarks which follow, embodying my own views on this 
subject, may possibly commend themselves to some. 

(1) The almost universal occurrence of palisade-cells would 
seem to point to the existence of some fundamental structural 
principle wdiich made itself felt as a factor in JSTatural Selection 
at a very early period in the phylogenetic history of the higher 
vegetation. This principle can he none other than economy of 
growth. How can the assimilating portion of the leaf be in- 
creased ? Manifestly in two ways, and in two alone, viz. by 
superficial enlargement or by an addition to the depth of the 
tissue. Increase of surface entails either coincident increase of 
the vascular system or a less effectual means of transport for 
assimilation-pi ..' ducts, both of which disadvantages are obviated 
by the arrangement of the cells perpendiculaxdy to the surface. 

(2) The agency whereby this perpendicularity is effected is 
undoubtedly liglit. 

(3) A contingent advantage of a palisade system is the mini- 
mizijjg of transpiration. Moreover, the ceils may possibly be to 
some extent protected from the injurious effects of strong sun- 
light, which is known to be capable of destroying the protoplasm 
and chlorophyll of the overlying epidermal cells. 

(4) The relation of the assimilating to the transporting tissues, 
as maintained by Haberlandt and Heinricher, is not proven. The 
latter, as was before mentioned, has objected to Pick's heliotropic 
ideas by explaining variations from the perpendicular, in cases 
where the direction taken is not towards the vascular bundle, as 
caused by mechanica^dislocation ; and it seems probable that 
the pressures and tensions exerted by the stretching bundle- 
elements might lead to some such radial arrangement as that 
upon which Haberlandt and Heinricher rely. Moreover, the 
very large number of cases wherein no radial relation is manifest, 
forces one to adopt a purely mechanical as opposed to a nutri- 
mental theory of cell- arrangement in the leaf. 

It may be asked, if the direction of the streaming protoplasm 
be that of least resistance, how can the movement be regarded as 
phototactic? Does not the one view exclude the other? I 
venture to think not ; and for this reason. .The capacity of light 
to modify the form of palisade -cells is admitted on all hands. 
This granted, what difiieulty is there in conceiving that the form 
of all cells in direct relation with light is so ordain$dhy this agency 
as to ensure^ upon simple mechanical principlesj the mammum 
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exposure of the protoplasm to favottralle^ and its miniimm 
exposure to unfavourable {positive) grades of illumination ? 
This, with the doctrine of tone-lowering bj darkness, sectioning 
&c., and tliat of recovery from mechanical strain, leaves unex- 
plained no photolytic phenomenon with which I am acquainted. 

Some Ite7narhs on Dr. A. P. W. Schimper’s Views, 

At the end of a long memoir in Pringsheim’s ‘ Jahrbiicher fiir 
wissenschaftliche Eotanik ’ for 1885, Schiraper has some remarks 
upon the movements of chlorophyll, which I regret to have over- 
looked. Eepeating the observations of Liiders * upon the run- 
ning together round the nucleus of the chromatophores of 
certain Diatoms in sunlight so as to form a heap in the centre of 
the fmstule, and premising that these and other displacements 
of chlorophyll are examples of the irritability aroused in proto- 
plasm by variations in the intensity of light, he thinks that 
strong stimuli of any kind, such as intense light, darkness, 
sectioning, &c., cause the chlorophyll to collect in one or two 
niassoa, while weaker ones I ring about a shifting of it to a wall 
or walls /rom which it was before absent : the former of these 
— corresponding to what I have called massed apostrophe ” — 
is named by Schimper systrophe,” a very convenient wordt; 
the latter answers to epistrophe. But in addition to this “ pho- 
, totonic ” movement — movement not governed by the direction of 
light and dependent upon the structure of the organ — there is 
another kind phototactic ”) for which the direction of incident 
light is the dominant consideration. It is in accordance with 
the latter that chlorophyll grains, arriving by pliototonic action 
upon the side- walls, turn edge-up, and are by this means pro- 
tected from the injxirious effects of intense light. An addilional 
advantage derived by chlorophyll from epistrophe, apostrophe, or 
sy strophe is that its chemical relation to the atmosphere is thereby 
regulated, Access of carbonic acid is a necessax^y condition of 
assimilation ; but oxygen has a destructive effect on chlorophyll. 
‘When in epistrophe, therefore, the chlorophyll is exposed as 
much as possible to the access of carbonic acid; but should the 

Bot, Zeitung, 1862, p. 41, &c. 

t I cannot agree with Schimper m to the difference between apostrophe and 
sysfrophe ; the latter I endeavoured in the previous memoir to connect with 
the former by merely mechanical considerations. 

LINN, JOUIIN.— BOTANY, VOL, XXIV. 2 K 
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become too strong, the grains are carried into parts of the 
cell where they are protected against the injurious action of 
oxygen, i. e. they now cease to line those walls which bound the 
great intercellular spaces. 

Against the acceptance of these views, which I trust have been 
fairly abstracted, many reasons could be adduced. A few may 
here be not out of place. And, first, it by no means follows that 
because the chromatophores of diatoms mass in the centre of the 
cell eitlier tliat this is not a phototactic phenomenon, or that no 
movements of the protoplasm, as such, of vascular and higher 
cellular types are phototactic. When account is taken of the 
shallowness of the frustule and the relatively low specific heat 
and high conductivity of its ivalls, it does not seem at all clear 
that the most effectual way of protecting the protf asm, nucleus, ^ 
and chromatophores from sunlight is not to dri them into a 
mass at the cell’s centre. But Schimper may p* fibly he right 
in giving a phototonie interpretation to this : indeed, it would 
seem that all protoplasmic movement which has the nucleus of the 
cell as an objective is essentially phototonic ; because in such 
cases we do not find that high grades of illumination cause the 
protoplasm to confine itself to the walls least exposed to light, 
and apparently for the reason that the nucleus, which is the 
centre of the movement, is not endowed with phototactic pro- 
perties. When, however, the nucleus ceases to have this import- 
ance, the protoplasm is enabled to move upon certain walls to 
the exclusion of others ; and it seems in the highest degree unphi- 
iosophical to hold that this selection of its path cannot be governed 
by phototactic necessities because, when the nucleus is the centre 
of the movement, phototonus alone is in question. Moreover, 
the argument used by 8cbimper, with amusing iteration, ^ hat 
because other agencies than light are capable of calling mt' 
apostropbic and systropbic effects, therefore light can exe’ /iio 
directive action upon cell-protoplasm, is surely wide of the’ ark ; 
for how can the number of causes affect the matter ? And 
what if the view advanced in the previous memoir hf , Correct, 
viz. that the action of these other agencies is to loioer tfie tone of 
the protoplasm to light, so that the same effects now ensue as 
'would happen were the cell exposed to higher illumination^ mz. 


apostrophe and then sg strophe ? 


How, too, can Schimper’s doctrine account for apostrophe 
and aystrophe in low light ? A stimulus shock, he says, producer 
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sy strophe, a weaker one epistropke ; but a still weaker one causes 
— not an enhancement of ei^istrophic action, as ought to happen — 
but precisely the same result as a strong stimulus I Then tliere is 
that crux epistrophe (as of Modea <fcc.) in darkness. The chlo- 
rophyll of Modea is positively apostrophized, with or without 
rotation supervening; the plant is then set in darkness, and 
after being thus treated with a double dose of apostropliizing 
stimuli, epistrophe, strange to say, is the result ! Eut perhaps 
it is not necessary to carry this criticism further. 

Where Schimper really traces phototaxy, viz. in the turning 
edge-up of the chlorophyll grains, I am quite unable to see any- 
thing ■ hut adaptation to pressure. To take a case cited in the 
previous memoir,— a rotating stream in an Modea-ceW moving, as 
occasionally happens, for a short part of its course upon either 
the upper (outer) or lower (inner) wall. When upon a aide- wall 
the grains are set edge-up to an observer, but immediately upon 
their arrival at that spot where the plane of rotation changes, 
they turn over upon their broad side. How can phototaxy be in 
point here, seeing that when the grains arrive upon a more 
highly illuminated wall, they expose themselves more to the sun’s 
iniiuence than was the case before ? It will possibly be allowed 
that this and other considerations urged in the previous memoir, 
and which there is no necessity to repeat, are a sufficient answer 
to Schimper upon this head. 

Neither does the notion anent the gaseous relations of the 
grains seem free from objection. It is not the case with a large 
number of cells, g, the palisade-tissues, that when the grains 
are exposed to epiatrophizing grades of illumination, and are 
ranged upon the walls bounding intercellular spaces, they shift 
on to other walls when light becomes too strong. Indeed, 
Haberlandt's doctrine, previously referred to, is based upon a 
directly contrary statement, viz. that the septa of palisade-cells 
are free from chlorophyll, which must consequently line the walls 
bounding the respiratory chamber or spaces connected there- 
with ; and we know that when the grains of these cells mass, 
in almost all cases they meet upon some part of the side of the 
ceil, not upon one of its transverse walls. This does not apply 
to the mesophyll-cells the chlorophyll of which does shift on 

^ Exceptions to this are some succulent types. Thus Stahl (Bot. Zeitung, 
1880, p. 340) found the chlorophyll of the raesopbyll-cells of Sedum, irnyphyl- 
turn upon ilto walls bounding intercellular spaces after an hour's insolation. 
Schimper niust, tell us how it is that these grains escape destriietion. 
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to preTioiisly unoccupied walls, since in medium diftiised light the 
grains are set upon walls bounding intercellular spaces, wliere- 
froiii tliey move in sunliglit on to the intercellular septa — a cir- 
cumstance which would seem to imply, upon Schimper’s theory, 
a difference in behaviour towards carbonic acid and oxygen 
between mesophyll- and palisade-chlorophyll, which is very un- 
likely. It is submitted that the mechanical reasons put forward 
in the previous memoir fully account for all the phenomena 
attendant upon sjstrophe. And when Schimper's idea is tested 
by the questions, How is it possible to predicate linear movement 
of a gas ? and How can the removal of chlorophyll from one 
part of a cell to another protect it from the access of a gas readily 
diffusible through the wall ? acquiescence therein seems quite 
out of the question. Altogether I fear there is but slight chance, 
of my coming to an agreement upon these matters with this 
deservedly celebrated botanist. 


EXPLANATION OF THE PLATES. 

[Except -where otherwise stated, the drawings are not to scale.] 

Plate XIII. 

Figs. 1-10. Selacjinella MarUnm. 

Fig. 1 . Cup-shaped cells of the upper epidermal layer with the chlorophyll in 
its dilluaed-light position, from a transverse section of a leal*. 

2. A liorscshoe-shaped chloroplast from tho base of a leaf iu dilluscd 
light. Tills, and all the following, are surface views. 

Ih Fragmented or dividing chloroplasts from basal colls. 

4. A basal cell ; its chlorophyll has divided into four graias. 

5. A lower epidermal cell with a rosary-chain of chlorophyll grains. 

{>. Chlorophyll bodies from tho lower epidermis : d, grains dividing. 

7. Figures illustrating the effect of two and a half hours' insolation : a 

and chloroplast apostrophized ,* c, dumb-bell chloroplast, pro- 
duced by two portions being urged towards opposite walls of tho 
cell ; condensed mass, showing, however, at one point a tendency 
to fragmentation. 

8. Various stages and forms of positive fragmentation with colourless 

plasma-bridges and exposed nucleus ; the colourless plasma is 
unshaded : & and e, after four and a half hours' insolation ; the rest 
after two and a half hours. 

q, A chlorophyll body moving into negative apostrophe, but still attached 
by fine colourless pseudo-plusmolytie threads to the limiting layer 



m VEGETABLE BIOLOGY. 387 

of protoplasm applied upon the opposite wall ; one month and four 
days ill darkness. 

Fig. 10, Shows the effect of nine weeks’ darkness upon the chloi'ophyll bodies, 
which in a and h are still attached by colourless threads to the 
cell-wall : c and d, condensed bodies betraying a tendency to frag- 
ment ; e-i represent details in the fragmentation process (h, acetic 
methyl-green, i, chloriodide-of-zinc preparation) ; an undivided 
chlorophyll body in negative apostrophe. In h and n marks the 
disclosed nucleus. 


Plate XIY. 

Drajoarnaldia glomerata. 

Fig. 11. a and b, normal chlorophyll bodies from large axial cells; c and 
d, the same after forty-eight hours in darkness ; e, and h show 
stages of fragmentation after three days in the dark ; /, a collapsed 
chloroplast (three days) ; and a bi*oken ring which has lost its 
position with respect to the growth-axis after four days’ confinement. 
X 450. 

CkcBtophora sp. 

Fig. 12. a and 5, normal chlorophyll ; c-e, stages in its condensation (c, d, after 
three, e after six days in darkness), x 450. 

Chantmnsia ^ygmma. 

Fig. 13. a, a healthy cell with uniformly diffused chromatophore ; conden- 
sation of this latter after one month and two days’ withdrawal 
from light. X 450. 

Mesocarym jparvulm, var. arigustus. 

Fig. 14. A' condensed and fragmented chlorophyll plate (eight days’ darkness) : 
the disclosed nucleus, x 450. 

Mcsocar^us scalaris. 

Fig. 15, Shows one effect of strong sunlight for half an hour (August ) upon 
the chlorophyll which has collected into a couple of lenticular masses 
united by colourless plasma, x 400. 

Braparnaldia glomerata. 

Fig, 10. Cblorophyll bodies after four hours’ bright sunlight : a, a condensed 
ring ; 5, a ring near the point of disruption ; c and cf, fragmented 
rings of large axial cells ; in c, « the disclosed nucleus, X 450. 

Figs. 17, 18. Viola odoraia. 

Fig. 1 7. A palisade-cell, seen from above. The effect of three days’ darkness 
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has been to cause most of the chlorophyll grains to collect upon the 
lower wall ; but a few are still in the lateral position. 

Fig. 18. Shows negative apostrophe still incomplete after ten clays. 

Figs. 19-22. Mesocarpus scalaris. 

Fig. 19. Broadside and profile views of chlorophyll plates. X 140. 

20. Positive apostrophe and positive condensation of the plates, xHO: 

a, thirty minutes’, 5, fifty minutes’ insolation. 

21. Figures produced by the attraction of parts of the plates to oppo- 

site sides of the cell : a X 450, h x 350. 

22. Shows the effect of fourteen days’ darkness (October) upon plates 

which w^ere face-up before confinement : ■ n, the nucleus pushed to 
the side- wall by the advance of the plate thither, x 140. 

Plate XV. 

Figs. 23-26. Senecio vulgaris. 

Fig. 23. a and h show the effect of six hours’ sunlight with short intervals 
of shade upon palisade-chlorophyll. 

24. Coalescence in a mesophyll-cell. Same conditions as those of fig. 23. 

X GOO. 

25. A mesophyll-cell, showing coalescence in the arms, at coh coalescence 

not yet established. Same conditions as those of fig. 23. 

26. Expressed chlorophyll figures obtained after several hours’ exposure to 

the sun. x 600. 

8oIanum 7iigmtn, 

Fig. 27. Coalescence in the arm of a mesophyll-cell ; seven and a half hours’ 
insolation, x 600. 

Vallmi eria spi ra lis. 

Fig. 28. EiTecis of prolonged sunlight: grains become polyliedral by mutual 
pressure ; c, e, phases of cohesion and coalescence ; grains 
cohering with the nucleus. X GOO. 

BeUmithis anmms. 

Fig. 20. a, a mesophyll-cell showing coalescence ; 4, five grains closely packed 
in a cell’s arm. (In darkness forty-one hours.) X 600. 

Smecio vidgans. 

Fig, so. Expressed chlorophyll figures from a plant kept one week in darkness. 
X 600. 

Bryonia dioica. 

Fig. 31. Ann of a mesopliyll-cell from a plant shut up nearly four days in the 
dark, with angular chlorophyll grains. X GOO. 
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EscJischoltzia californica. 

Fig. 32. a, a single chlorophyll grain ; b, c, coherent grains ; e, a small 
expressed chlorophyll figure. From a plant deprived of light for a 
. week. X GOO. 


Scilla bifolia. 

Fig. 33. Section of a leaf sliowing bent palisade-cells. (After Haberlandt.) 


Notes on Self-fertilization and Cleistogamy in Orchids. 

Ej Hefry N. Eideey, M.A., E.L.S. 

[Read 16th February, 1888.] 

(Plate XVI.) 

It has long been pointed out that among the Orchids, though 
they are plants peculiarly modified for insect-fertilization, in- 
stances of self-fertilization are not unknown. Darwin, in his 
work on the ‘ Fertilization of Orchids,’ cites ten species in which 
self-fertilization normally or rarely occurs, and Forbes, Fitzgerald, 
Cheeseman, and others have added to the list. I have little 
doubt but that, especially among the small green-flowered orchids 
of the Tropics, many more examples will be found ; but this is a 
subject which can only be studied in the living plants, and best 
of all ill wild plants. Unfortunately these inconspicuous -flowered 
orchids are not often brought to our conservatories, so that it 
rarely liappens that a botanist can study these forms. I have 
recently had the opportunity of seeing one or two Brazilian 
orchids in the wild state which appear sometimes, at ail events, 
to fertilize themselves ,* and Mr. ,F. V. Burbidge, of Trinity 
College Gardens, Dublin, has recently sent me an exceedingly 
interesting Tricliofiliaj which seems invariably to be cleisto- 
gamous. 

The most common terrestrial orchid around Pernambuco is (Eceo^ 
clades mamlata. LindL (syn. JEulophia maculata^ Eeichb. i.^^AngrcB- 
cum maculatmn, JEulophidium maculatum^ , This 

plant has always been a puzzling species, as its synonymy denotes. 
Usually referred to the neighbourhood oiMuIopMa^ Dr. Pfitzer has 
expressed his opinion (Entwurf. ein. Nat. Anordn. p. 87) that it is 
more nearly allied to the Maxillarise. The plant grow s in the woods 
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and forests, and is more noticea.ble for its prettily marbled leaves 
than for its raceme of dull browuisb Howers. Tlio stiff lateral 
scape (which in one specimen I found was braiiclied) bears 
soriiewliat distant, small, inconspicuous flowers. The sepals and 
petals are lurid purplish brown and connivent. The flower, as 
far as I have seen, does not open properly, but between the lower 
sepals which foinn the lip and the petals there is a space through 
which the pink-striped lahelliim can be seen. The lip ‘ is three- 
lohedj the lateral lobes erect, rounded, and blunt, the median 
one bifid at the apex ; all arc ornamented with pink stripes, and 
at the entrance to tlie short blunt spur are two little truncate 
lamellae. I could not perceive any scent to the flowers nor honey 
ill the spur. But it is evident that this plant has modifications 
adapted for insect fertilization. The column is short and stout, hut 
curved. In young flowers the short, thick pollinia are in their 
normal position in the anther-cap; but soon the anther-cap falls 
off, and the pollinia still remaining attached to the rostellnm by 
the Candida and viscid disc fall towards till they touch the stigma 
and impregnate it. This method of self-fertilization is very 
similar to that of Ophrys apifera^ Linn. ; hut the shortness of the 
eaudicle and gland make the fertilization more certain. The plant 
seems to fruit very largely, hardly a flower being wasted, and the 
seeds are extraordinarily abundant. It is widely distributed 
throughout Brazil, and is one of the very few orcliids yet known 
common to that country and to Western Africa, where tit was 
found by Dr. Welwitsdi. 

Trichop ILIA praq-baks, LindL, var. 

A couple of sprays of this plant were sent me in Decemhor 
last by Mr. Burbidge, of Trinity College G-ardens, Dublin, with 
the following note : — For the past ten years we have had in 
ihese gardens a plant very like Pihtmna fragram or P. noiilis 
in habit of growth, but it has puz/ded myself and two or three 
successive foremen in that, do what we could, we could never get 
it to open its flowers. The plant grows vigorously and thro ws up 
from 15 to 20 spikes every season. We have adopted the usual 
practices, hut under no circumstances could we induce the floral 
segments to expand as in the normal P. fragram- Another 
point is that the present form is totally scentless, while both 
P fragrans and P. ndbilts are deliciously sweet. The discovery 
that it was not fragrant led me to examine the shrouded column, 
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ail'd I find that tliis form is without doi#jt a elcistogaiiious or 
self-fertilizing individual.” He further added that he bad known 
capsules to be developed on the plant. 

The flowers sent were, as Mr. Biirbidge described, scentless 
and closed. The lip, though regular in form and complete, was 
crumpled up and convolute round the column. The column 
itself was in a very remarkable state. The anther was emptjr 
and lying loose in the deep clinandrium or had fallen among the 
perianth-segments, Tlie polliuia were invisible, and the stelidia 
overlapped each other just as after fertilization, sometimes on 
one side and sometitnes on the other, in about equal proportions, 
so that there was only a small round hole to denote the entrance 
to the stigma. J ust below the lowest point of contact of tlie 
stelidia was a viscid mass exuded from the stigma. By making 
a longitudinal section, one could see tln^ pollen-masvses, now much 
disorganized, lying in the stigma and emitting many pollen-tubes. 
The examination of younger flowers showed the earlier stages of 
this phenomenon. In tolerably ' young buds the anther and 
polliuia were in their normal position on the clinandrium, but as 
the flower advanced the anther-cap fell off and left the polliuia 
exposed. These then curved over the very small tongue-shaped 
rostellum (the stelidia being iu their normal position spread wide 
open) until they reached the stigma, when they adhered to it and 
fertilize^ the flower, while at the same time the stelidia closed 
over the stigma, pressing the pollinia well into it. Tills nietliod 
of fertilization is very similar to that of (Eceoclades inentiooed 
above, and it is probably the commonest form of self-fertilization 
among the Tandem, for in this group the pollen is too tenacious 
to break up and fall in powder upon the stigma, as it does in 
some Dleottiem, and it cannot entirely fall out of tlie anther-cap, 
half-accidentally as it were, on to the stigma as occurs in some 
Epidendrem, on account of its being retained in its place by the 
well-developed candielc and gland. 

In the Trichopilia I cannot doubt but that the form must ho 
regarded as a monstrosity rather than as a variety or species. 
Ill every point but those mentioned it resembles .T. frmjrmis^ 
and the fact that the stelidia overlap each other, now on one 
side, now on the other, would suggest that the modification liv 
which it has become cleistoganious is not a permanent one. It* 
is, however, an interesting case, as it shows how very simply a 
plant may become self-fertilized. It is very probable that more 
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isiicli cases of" cleistogamy would be found in orcliid-houscs, but 
that, as the flowers do not open, the plant w'ould be looked upon 
as a failure and tliroTfn away. 

DEFBEOBiirM cnETBETJM, Bolfe. 

A Tery curious cleistogamotis Dendrohium was shown mo 
lecently by Mr. Veitcli, who had a number of plants, all similar, 
The stems were slender and dotted with purple at the base, the 
leaves narrow and numerous, the flowers solitary and somewhat 
pendulous on the ends of the stems, bright yellow ; but all were 
closed and did not seem inclined to open, and, indeed, have not 
as yet been seen to expand at all. The petals and sepals were 
quite normal; the lip somewhat resembled that of 
but with a yellow patch in the centre instead of the dark maroon 
eye. The column had, besides the normal filament, two similar 
processes, one on either side, and the anther-cap, which was long 
and conical and obtuse, had the loculi somewhat distant, and 
between them was a ridge, which suggested a trace of three 
anthers combined in the anther-cap, the two lateral processes 
being the other two filaments. The pollen was a disorganized pale 
honey-like mass lying on the stigma even in the youngest flower 
I could examine. A longitudinal section of the column show^ed 
the pollen lying on the stigma, and emitting a large mass of 
pollen-tubes which had found their way far down the conducting- 
tissue of the stigma. The rostellum, if not absolutely absent, 
was reduced to a very small particle. The rostellar fibro-vascular 
bundle was present to its termination, but beyond that there was 
no distinct rostellum. The flower had a scent like that of hay, but 
1 could not detect any trace of nectar at the base of the lip. 

The plant is evidently quite cleiatogamous, and fertilizes itself 
by the slipping forward of the pollen from the clinandrium on to 
the unprotected stigma. 

This species has been named by Mr. Eolfe in the ^ Gardener’s 
Chronicle ’ D. chysemn, and he gives a few notes about it, but 
does not mention its being so evidently cleistogamous. There is 
probably also another form which fully opens its flowers, as in the 
case of D. Brymeriamm ; but this form is not at present known. 

Smbanthes austealis, Lindl, 

In his great work on the Orchids of Australia, Mr. Eitzgerald 
describes and figures this species, and mentions his surprise and 
interest in finding that, unlike 8. auiummlk, Eich., this plant 
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is self-fertilized, and it possesses no rostellum. On referring to 
Blame’s ‘ OreliicL Iiid. ArcMp.’ (p. 131, t. 45. fig. 1, t. 48 D), I 
find he describes and figures S. australis under tlie name of 
Oj/rostachys pusilla^ \ritli a distinct bifid rostellum like tbat of 
S. autumnalis^ Eicb. To reconcile these two opposing statements 
I examined a number of plants all referred to S. australis in the 
British Museum, and found that both authors were right. 
Specimens from Mussoorie, India, collected by Thomson, and 
Java by Lobb, have rostella like those figured by Blume ; while 
the Australian plants collected by Caley and Eobert Brown have 
no visible rostellum. And, what is also interesting, the specimens 
collected by H. O. Eorbea in Timor in company with Diuris and 
Oaladenia, typically Australian orchids, resemble the Australian 
species in this respect. Specimens from the Eriendly Islands also 
agree with the Australian form. But the Japanese and Chinese 
plants are again different from both. 

I have no doubt that the w^hole of these forms are self- 
fertilized. The pollinia in the erostellate forms are so closely 
approximated to the stigma that it is easy to conceive how, as 
Eitzgerald shows, they speedily reach the stigmatic surface. In 
many flowers, on carefully opening them, I find the lip full o£ the 
loose friable pollen which falls abundantly into the hollow of the 
labellum which wraps the short thick column. I may add that, 
on examining the flower-spikes that are in fruit, it is seen that all 
the flowers are fertilized, which is not commonly the ease where 
insect-fertilization is required. 

There seem to be four common methods of self-fertilization 
among Orchids : — 

1. By breaking up of the pollen-mass and the falling of the 
dust either directly upon the stigma or into the lip, whence it 
comes into contact with the stigma. This, of course, can only 
happen in the case of orchids with pulverulent pollen, viz. 
OplirydeoB and NeottkaB, It occurs in some species of Thelymitra^ 
viz. T, nuda^ T- longifolia^ T, jpauciflora, and in at least some 
fo^s of Bpiranthes australis^ Lindl. 

2. By the falling of the pollen-masses as a whole from the 
elinandrium into the stigma. This is probably not rare, but I 
have met with records of but few examples. In a flower of 
Fhaius maeulatus, Blume, I recently received I found that by 
shaking, the pollinia had entirely slipped 'from the elinandrium 

2i2 
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upon tlie stigma, to wliicli they were adheront. In Ghiloglotlis 
(Uphylla^ Fitzgerald states tluit the plant is a,(Ia|')ted for iiisect.- 
tertilizatioii ; but slioiild this fail, the lip in withering is dra.\vii 
up to meet the column, the ealli attach themselves to the poliiiiia 
and extract them from the antbor-cap, eventually nibbing thciii 
against the stigma. To this class must also belong Arundlfirt 
qjeciosa, Blume, concerning which see H. 0. Forbes in Joiirn. 
Linn. Soc., Bot. xxi. p. 543. 

3. By falling forward of the pollinia, from the clinaudriiiiii or 
the anther-cap, the caudicle and gland remaining attached to the 
coliiniii. Ophys apifera^ Linn., is a well-known instance of this 
class, to which belong also (Eceocladas maciilata, the Tricliopilia 
fragrans mentioned above, and the Eria described by Forbes 
in tho paper just cited. In SpathoglottlB Fmdmw, Fitzg., the 
pollinia slip forward, remaining attached by their apex, and curve 
round into the stigmu. 

4. By flooding of the stigma. The pollen-masses remain in 
the anther-cap, or on the clinandriura, while the stigma exudes so 
great a quantity of stigmatic fluid that it eventually roaches the 
edge of the pollinia, which immediately emit pollen-tubes. This 
seems to he the commonest method of self-fertilization. In 
some cases it is facilitated by suppression of the rostellura, as 
in CephalantJiera pallens, Bich., Mpipaciis vir id i flora, Eeichb. f., 
and the Australian form of Spirantlies australis, and one form of 
iPkaius Bltmei, Lindl. Without suppression of the rostelliun it 
is recorded in the case of SpatlioglotHs pllcnfa, Blume, Pliaiiis 
Blimiei, Lindl., Mria alhido-fomentosa,fiB])(^dm oWhrysoglossum, 
and species of Bcliomhmylcla, Epidendriim, and Oattleya, recorded 
without specific names by Crugor. Also in Thehjmitra lowjifoVm, 
E. Br., and T, eircumsepta, Fitzg., both species of Galocliilm, 
Oriliooeras stricta, E. Br,, and Goodyera procera, Lindl. 

I would point out, in eonedusion, that among the Orchids which 
of ten fertilize themselves will be found some of tlie species having 
tho widest distribution in the Order, e. g. Spatlioghttk plimtii, 
Bpirmithes australis, (Eceoclades mamlaia, 

♦ 

DFSORIPTION OF PLATE XVI. 

Fig. 1. TriehopUm frayrcmB, a cloistogauious flower; nat, sisso. 

2, Upper part of column, much enlarged, showing the anther (A) slipping 

out of the eliuanclriuin (Cl) into the stigma {s). a is the Etolidium. 

3. The same, viewed from the side. 
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Fig. 4. The same, in section. B, Bostelluiu ; P. Pollinia. 

5. The same at a later stage, the pollinia having become recurved into the 

stigma. 

6. A later stage. The stelidia have curved over so as to overlap and press 

the pollinia into the stigma. 

7. The same, side view. 

8. The same stage, in section. GL Disc of pollinia. 

9. Later stage. The pollen is now entirely plunged in the stigma and is 

almost absorbed. 

10. Plower of (Eceoclades maoiilata, LindL, from the side ; nat. size. 

11. Tlie same, with the petals and sepals removed ; enlarged. 

12. Column, showing the pollinia falling forward. 

13. Front view of column, with the pollinia still hanging from the cliuaii” 

drium by the disc, but in contact with the stigma. 

14. Pollinia, enlarged. 


Oil the Fertilization of Cattleija lahiata^ var. 3Iomcs^ LindL 
By IlAEBr James Yeitch, F.L.S. 

[Bead 2nd February, 1888.] 

Evee since Darvriii conclusively showed how the pollinia o£ 
certain orcliids were conveyed to the stigmatie surface by insect 
agency, the subject of orchid-fertilization has been of special 
and even growing interest, not only to science through its further 
elucidation by the discoveij^ of many new and interesting facts, 
but also to horticulture as serving to explain, at least in part, 
liow it is that bo many anomalous forms having the appear- 
ance of hybrids have made their. way into European gardens. 
But while the observations of Darwdn and those who followed 
him in the same track have been directed chiefly to the simple 
act of pollination hy insect agency, the investigation of the pro- 
cess that follows appears to have received but a limited amount 
of attention. With the view, therefore, of adding, if possible, 
somewhat to the small stock of information already possessed, and 
also of deducing therefrom some practical results that may help 
to guide the operations of the hybridist, I and my assistant, with 
the aid of an able draughtsman, were induced to undertake the 
series of observations I am now about to bring under the Society’s 
notice. Our purpose was to note the progress of the pollen- 
tubes during their course through the eondueting-tissiies of the 
column into the ovary ; to detect, if possible, the act of fertiliza- 
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tionof felic oviiloB, and to determine the time that elapjsea between 
■pollination and that event; and, finally, to trace the development 
of tlie ovules after fertilization into perfect seeds. 

Before giving a resimie of our observations, it is iiecosBary to 
state that we worked under the serious disadvantage of being 
confined, for such work, to a low microscopic power ; that, with 
the exception of a little glycerine, we used no chetiiical reagents 
ill preparing materials for examination ; and therefore very many 
details of the minute structure of the parts examined are neces- 
sarily omitted. It is also necessary to premise that those obser- 
vations wore undertaken and made before we became aware of 
th© fact that the subject had been partially investigated many 
years ago by Br. Hildebrand in the Botanic Q-arden at Bonn, 
the results of whose observations were published in Mohl and 
SchlechtendaFs ‘ Botanischo Zeitung ’ for October 30 and No- 
vember 6, 1863. Dr. Hildebrand there tells us that, incited by 
Darwin’s most interesting researches, he was induced, during 
the winter and spring months of 1863, to undertake a series of 
observations on some cultivated and also on some native orchids, 
with the object of ascertaining th© time that elapses between the 
pollination of the flower and the fertilization of the ovule, an 
investigation that appeared to him to he pregnant with unex- 
pected results, seeing that the sexual axiparatus of orchids differs 
so greatly from that of the great majority of other Plianerogams. 
For the results of these investigations I must refer to the memoirs 
cpioted. Much of the ground, therefore, having been previously 
travelled over by Br. Hildebrand, I am afraid that the simple 
facts 1 am about to. bring heforc the Society have not altogether 
the merit of novelty to recommend them ; yet they may prove to 
be of i>‘ome interest, and servo to revive the subject of the ibrtili- 
zation of orchids, which still offers a wide field for investigation. 

The subjc'ct selected for our object was the well-known GaMleya 
laUata^ var. Mossice, LiudL, because we could command a good 
many plants for investigation, and because also in this Caitlciji$ 

, the column and its parts arc among tlie largest to bo found in 
the Orchidem; we hoped that the probability of our being 
able to prosecute our search wdth some chance of obtaining results 
would thence be the greater. The chief characteristics of the 
column of a Cattleya of the lahiata group are sufficiently familiar 
to most botanists, The column of one of the members of the 
group, apparently of the same that forms our present subject, 
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Fig. 1 


is well represented in Darwin’s ‘ Fertilization of Orcliids ’ at 
p. I 6 I 5 wliere also some structural details are given. In tlie 
series of drawings made for illustra- 
tion, fig. 1 represents the front view of 
the column and ovary of GaUleya lahi- 
ata^ var. Mossi(B^ two thirds natural 
size, a few days after the expansion of 
the flower. From the apes or top of 
the pollinary apparatus to the base of 
the ovary it is about 3 inches long ; 
although shown upright in the figure, 
it slightly arches forward from below 
the stigma to the apes, the part so bent 
is thence parallel with the labellum, 
which is, in fact, apfuessed to it, and 
enfolds it with its side lobes, a circum- 
stance that immensely facilitates the 
pollination of the stigma by insect 
agency. The stigmatic cavity is sepa- 
rated from the anther by a tongue- 
shaped rostellum; the stigmatic sur- 
face is coated with a thick layer of 
transparent viscid matter which holds 
the poliinia when applied to it with 
extraordinary tenacity. The poliinia 
are four in number, each polliuium, or 
pollen- mass as we are more accustomed 
to call it, is a waxy flattened dislc, 
neither strictly oval nor strictly circular, but something between 
the two, or nearly the shape of an artist’s palette, and is furnished 
with a semitransparent ribl>on-like candid e, which is also covered 
with numerous pollen-grains. The ovary is cylindrie, and is 
traversed longitudinally by three equidistant sunk lines. rig. 2 
represents a longitudinal section of the column and ovary, one 
fourth larger than natural size, in which the positions of the 
anther, rostellum, and stigma are shown by the letters P, A, 
and S respectively ; there is a duct or canal leading from the 
stigma to the ovary, down which the pollen-tubes pass. This 
canal in transverse section has the form of a W-shaped curve 
extending through the central part of the column where it is 
thickest, as shown in fig. 4,* it is filled throughout with con- 
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dueting-tissiie which, is of a. very loose coTisistcncy, and formed of 
greatly eloiigat(3d colls generally overlapping a,t their ends. Tlic 
narrow slit at N (iig. 2) shows the nectary tlnit penetrates into 
the ovary, and in which honey is freely secreteel ; OV is the iuinia- 
ture ovary, of which, for the purpose of showing the parts more 
distinctly, an enlarged transverse 
section is given in fig, 3, where it 
is p] aioly shown to consist of t liree 
divisions or lobes, from each of 
wliich, where they approacli at 
the centre, springs a placenta. 

Each, placenta at this early stage 
consists of two thicl^ened plates 
with their edgns turned towards 
ea,tdi other, and almost meeting, 
a,nd thciice almost enclosing a 
quadrangular space; the rudi- 
merdary ovules, or rather the 
papilla) that are subsequently developed into ovules, arc placed 
along the projecting aaigles of these plates. We shall see that 
this position of parts of the ovary is considerably modified as the 
process of fertilization goes on. Fig. 4 shows a similar enlarge- 
ment of the column in transA-erse section. Atliough only eight 
times enlarged, it indicates sufficiently the parenchymatous tissue 
c»f the eoluniii and the position of the fibro-vasciikr bundles. 


FiK. 4. 



We are now in a positioti to trace the process of ferliiizatioii 
from the time of pollination to the impregnation of the ovules. On 
t'iie 1st of June, 1885, forty-five fiowtu's of pliinis of tlie same age? 




PEETILTZATIOK OE CATTLETA LAEIATA. 


399 


of Oattleya labiata^ var. Mossim^ were selected for pollination : tlie 
flowers were divided into three equal sets of fifteen each, of which 
one set was fertilized with their own pollen ; a second set with the 
pollen of different flowers hut of the same variety 5 the third set was 
fertilized with the pollen of flowers of a different species (Lcjelia 
furpurata^ LindL), tlie whole of the pollinia being aptplied in 
every case. The object of so varying the circumstances was to 
ascertain whether the fertilization of the ovules and subsequent 
ripening of the seed would be in any way differently influenced 
or affected thereby. We shall see in the sequel that no material 
differences were observable, or at least, when any were noticed, 
they were of too trivial a nature to be taken into account. At 
the time the operation was performed the weather was fine and 
bright, and continued so for several days afterwards. Two days 
afterwards the finwers were examined, and one from each group 
was cut. The floral segments had already become flaccid, and 
show^ed signs of rapidly withering. Under the usual cultural 
treatment, the flowers of a Oattleya of the hibiata group retain 
their freshness after expansion for upwards of three weeks, and 
even a month in cloudy weather ; hence the effect of pollination 
on the floral segments is here made perceptible wdtliin a few 
hours . The pollinia in each case were found to he in course of 
disintegration, forming, with the viscid secretion from the stigma, 
a gelatinous mass that quite filled up the stigomtic cavity. On 
examination under the microscope, Fig. 5. 

it was found in all three cases 
that the. pollinia w^ere breaking up 
into groups, generally of four gra- \ 
miles, from some of which short 
tubes bad already protruded ; in the 
case, however, of the flo^ver fertilized 
with the pollen of Lcelia pitrpumta 
only a few such groups could he de- 
tected, and from these the tubes had 
but Just stari'ed. In fig. 5 four of 
these groups of granules, with their 
tubes, are represented, as seen under 
tlie highest powder at our disposal, that 
is, magnified 170 times. 

Two (lays later we again examined 
a flower from each set, Tlic columns were femnd be slightly 
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enlarged at and over tlie Btigmatic cliainber, and a cliaiige o,f 
colour, owing to tlieir full exposure to the liglit, was perceptible 
ill tlie epidcrin, Nectar bad freely exuded from the base of tlie 
ctoliiiBii, and bad spread itself over tbc ovary; the disiutegratioo, 
of the pollinia was seen to have advanced considerably, aud polleii" 
tubes had pushed down into the canal to about a quarter of an 
inch below the stigmatic chamber. The flower fertilized with 
tlie wus somewhat less advanced than the other two » 

A.n interval of four days wus then allowed to elapse before a 
i'lirther examination was made. By that time the floral segments 
hud become quite withered, and the change of colour iu the epi- 
cierni of the column had become more manifest; at first, the 
ridge along the top was dull purple, hut the sides were pale 
green. Transverse and longitudinal sec- 
tions of the column and ovary showed 
tliut the tubes omitted from the pollen- 
granules had increased immensely in 
iiunibers, and the foremost of them could 
be traced as far as the base of the column. 

Big. 6 represents roughly the' state of 
aifuirs at this epoch ; the pollen-tubes, 
as observed under a magnifying-power 
of abont 75 diameters, are here seen 
passing downwards among the elongated 
cells of the conduct ing-tissue in vast 
n umbers. 

Pour more days were again allowed to 
elapse before a further examination was 
made (Juno 9-12) ; the weather in the 
mean time having been clear and warm and 
the pollinated liowers having been fully 
i'X|)osed to direct sunlight, wo expected 
1t) find that the process of fertilization bad 
considerably advanced. The columns 
had now become much harder in texture 
and green in colour ; the gelatinous 
mass in the stigmatic chamber had parted 
with much of its nscidity, and was 
changing to a rusty-brown colonr ; the 
ovaries were perceptibly enlarged, and pollen-tubes could be 
clearly traced to their entrance, aud a few of the more advanced 
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liad readied tlie apex of tlie placenta. The flowers in the three 
sets were now equally advanced; and from this time up to 
the conclusion of the observations scarcely any perceptible dif- 
ference in condition was noticeable between them. From these 
and the previous observations, it now became very evident that 
the time which must elapse between the pollination of the flower 
and the impregnation of the ovules would be considerably longer 
than we anticipated. 

It is now time to turn to the ovary itself, and to take note of 
the changes that took place there from the time of pollination 
till the impregnation of the ovules. The very ru- pig. 7. 
dimentary state of these at the epoch of the ex- 
pansion of the flowers has been already mentioned. 

Fig. 7 shows transverse sections, natural size, in k 


three diflerent and successive stages of develop- 
ment — (A) shortly after the expansion of the flow er 
and before pollination : (B) a fortnight after polli- 
nation ; the change of form that had taken place 
in this short interval is very striking ; the outline 
had changed from circular to triangular ; the simple 
sunk lines of the earlier stage had widened into 
wedge-shaped clefts, dividing the whole into three 
well-marked carpeilary lobes; each lobe has attained 



an almost triangular form by the enlargement of tlie placenta, 


and by the thickening of the walls of the ovary itself : (C) shows 


the further development about a 
month after poliinatioii ; the 
placenta and rudimentary ovules 
Iiad then began to assume a more 
dc4nite form, although no signs 
of impregnation of the latter 
could he detected. On the day 
tbe last- mentioned section was 
made the pollen-tubes were 
found to have entered the ovary, 
and were pushing downwards 
along the sides of the placentas 
among the ovules. The condi- 
tion of the ovules themselves 


Fig. 8. 



at the same date is represented in fig. 8, where an enlarged 
view of a miiiute section is given ; it is there shown that they 
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are grouped in clusters of no very definite form and outline ; 
canli ovule lias the appearance, of a single cell of ovoid for,m, but 
so iiiiniite are they at tliis stage, that no diii'ercntiation of parts 
could be made out under the low power to wlucb we were re- 
stricted, altlioiigh a faint reticulation tv as observable in some of 
the most advanced ; but this may have been an optical effect. It 
was, however, evident that the actual impregnation of the ovules 
by the pollen- tubes, wliich we were anxious to detect, was yet 
remote, or at least it was apparent that that event ivould not 
iinmodiately occur. In fact, we were up to this time simply 
groping our way towards trying to ascertain what ive hoped would 
fsrovc to be a most interesting scientific fact, but with the road 
to whicli Avo were very imperfectly acquainted indeed. 

Our next examination was made fifty-five days after pollina- 
tion ; but, to our surprise, although the pollen-tubes had pene- 
trated tlic ovary in countless numbers, and had completely 
cliohed up the canal leading from the stigraatic chamber to it, 
so that they had there taken the form of a bundle of fibres, 
minute as are the individuals composing it, and could be pulled 
away bodily in a coherent string, no actual impregnation of the 
ovules could be detected ; the tubes lay along the sides of the 
placentas and among the ovules, and had reached as far as the 
bottom of the ovary. Moreover, all this while, and for some 
Tveeks afterwards, the summer weather was, for our climate, 
very favourable for the development of the impregnated flowers, 
the number of bright clear days being rather above the average. 
We Tvaited 17 days longer before making a further examina- 
tion; we then found that the ovules were not only enlarged, 
hilt were also undergoing a change in form — a fact that induced 
us to believe that the long sought-for event w-as at hand, and we 
accordingly made a further examination three days later, but no 
perceptible advance could bo detected. We therefore desisted 
from further trial for another fortaiiglit, that is till 90 clays after 
polliiiation, when, at length we were able to understand with 
tolerable certainty the process by wliicli the impregnation of the 
ovules is effected, and to get an idea of the space of time required 
ibr its accomplishment. 

This wdli be best iindexvstood by reference to the diagrams. In 
fig. 9 are represented, two thirds natural size, two transverse 
'sections of the ovary — D f55 days and E 72 days aft:cr tlio pol- 
lination of the .flower; in fig. 10 a trans\'ei‘se section 1)0 days 
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after pullinaiioii, also two thirds natural size: these, with the 
drawings in fig. 7, form a series. The development of the ovules 
Pig. 9. 



themselves is represented at five different stages in iig. 12, and 
four later in fig. 13, all greatly enlarged, thus : — 

A, the ovule rudiment before pollination. 

B, „ „ 30 days after the poliiiiation of the Bower. 



The series A-B simply shows the development of the rudiment 
nto the perfectly anatropous ovule ; it is at this stage that 


404 


MR. IT. J. TETTCK OH THE 


imprc-giMtioii takes place. Thattlie polloii“tubcs then come into 
contact witli tlie true apex of tlie ovules is certain, but tliis was 


Fig. 12. 



Fig. 13. 





•all we could detect. In no case could we find that the tubes 
actually penetrated the ovules j nor could we detect any embryo- 
sac or other differentiation of parts in the ovule itself under the 
low power we were constrained to use, and owing to the mi- 
nuteness of the ovules even at this stage ; but our failure to 
discover these parts by no means excludes the supposition of 
tlieix' existence, either in the form in which they occur in other 
monocotyledonous plants, or in some modification of that 
form. 

But to return to observed facts. The pollen-tubes push down 
into the ovary in countless numbers, and make their way along 
the placentas and among the protuberances of it that bear the 
groups of ovules in the manner shown in fig. 11. The form of 
the ovule at this stage may he regarded as nearly cylindric, being 
slightly contracted at the apex. It will be noticed that this form 
differs considerably from the elongated spindle-shaped mature 
seed ; and having still some materials left, we w^ere desirous of 
observing one or two intermediate stages of the development of 
the former into the latter; we therefore cut one of the remaining 
capsules about four months after the pollination of the flower, and 
found the supposed impregnated ovules had attained the form 
represented by H in fig. 13. As this showed but a very slow 
development, we waited another month before examining another 
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capsule ; by this time the ovules, or seeds as we slioixlcl perhaps 
now call them, had become elongated in one direction and con- 
tracted in the other, as shown by I in fig. 13. A group of ovules 
at this stage, magnified 45 Fig. 14. 

times, is shown in fig. 14. It 
was now clear that the im- 
pregnated ovules had attained 
their mature form and size, 
although, from our experi- 
ence in hybridizing orchids, 
we were sure the seed would 
not be ripe for some months 
to come. As the days at 
this period of our investiga- 
tionwere getting short and 
cold, and artificial heat alone 
bad to be depended on to 
maintain the plants in health, 
we desisted from further 
examination ; and the few remaining capsules were left on the 
plants to mature their seeds or to fall, as the case might be, the 
latter being quite a common occurrence under the artificial con» 
ditions tropical orchids are cultivated in this country. When I 
say fall, the expression is not literally correct ; the peduncle 
shrivels and withers, and the capsule dehisces before the con- 
tained seeds are mature, a cause due probably more to the murky 
condition of the atmosphere of London during the winter months 
than to any other I can suggest. It happened in the present 
instance that two of the remaining capsules failed in this way to 
mature their seed, 'and split early in March ; the contents were 
examined, but showed nothing more than the shrivelling that 
would naturally be expected under the circumstances. The re- 
maining two matured their seed and dehisced towards the end of 
May, or about twelve months after pollination. A number of 
the seeds were examined with the aid of the microscope ; about 
one half were found to be plump ; they may therefore be 
assumed to have been good ; the other half consisted of mere 
dust and shrivelled ovules. The question at once suggested 
itself, Had these apparently abortive ovules ever been impreg- 
nated by the pollen-tubes? I think not ; for on the same day 
the ovules were found in the condition represented in fig. 14, and 
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wliere imniberless poilen-tubcs were ohsci'ved in tlie position 
there shown; in another section made from the saine capsule no 
tubes could be detected, although the ovules had enlarged in the 
same waj. 

From the foregoing series of observations, we are enabled to 
deduce the following general statements : — 

The impregnation of the ovules of Gattleya lahiata^ var, Mosbw, 
under glass in the climate of London takes place from 75 to 90 
days after the pollination of the flower, the length of time being 
doubtless indiienced by the stale of the weather diiriug the 
interval, and especially by the amount of direct sunlight the plants 
receive; the more direct sunlight, the shorter tlie interval, and 
vice vefsd, 

A proportion of the ovules only are fertilized; but how great 
that proportion is it is not possible to determine with certainty ; 
it is never probably much less than one half ; it probably varies 
from a little less to a little more than one half. It is certain 
also that of the seeds which are apparently mature and good, a 
greater or less proportion of them failed to germinate under 
artificial conditions. 

It takes about twelve months, under the same conditions, to 
effect the maturation of the capsules ; it .being highly probable 
that during the winter months, when the temperature in which 
the plants are kept is eoinparatively low, and the amount of direct 
sunlight and sun-heat is at the mmimum, there is a cessation of 
growth which is renewed as the summer months are approached. 

In bringing my notes to a close, permit me to say that I have 
simply endeavoured to bring before the Society at least some of the 
phenomena that occur in the fertilization of orchids, which, so far 
as I am aware, have not previously been observed ; and if in so 
doing I have added ever so little to our knowledge of the won- 
derful processes by which Mature effects tlie reproduction of 
these remarkable plants, I shall feel amply repaid for the time 
given to the investigation. 
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On Pasiobm sxjpeutacxjfm-j sp. nova. 

By C. B. Clause, E.L.S. 

[Bead 1st December, 1887.] 

Fmiicmi siipervacimm {L e. redundant) differs from all otlier 
Panicums (and tlieir allies) by having constantly an extra flower 
interposed between tlie male and female flowers in each spikelet. 

In tbe annexed figure, representing one spikelet dissected out, 
A is the lower glume, B the upper glume, C the lower flower 
(always reduced to an empty lower pale in the present species so 
far as seen), D the redundant flower, E the perfect closed flower, 
which is hardened hrown, showing, under a low magnification, 
obscure transverse wavy marks, as is common in Paniounu The 
hardening of the fertile flower in 'Fanicwm is caused by a cor- 
rugated thickening of tbe walls of tbe cells. As is so common 
in Panicums of tbe P. prostratimi group, the glumes A, B, and 
tbe lower flower 0 are pilose, while the fertile flower E is 
glabrous. 

The intermediate flower D is intermediate in character betw^een 
the male 0 and the fertile E. Sometimes it has an upper pale 
and a small rudiment (possibly of a pistil); and in these cases it 
is partially hardened, quite glabrous, and shows tbe corrugated 
thickened cells and very obscure transverse w^avy marks, as in 
the lower pale of the fertile flower. 

Sometimes it is empty, and then less 
thickened, and occasionally minutely 
pilose. The interposed flower is in- 
serted in regular alternation ; so that 
the fertile flower E comes over the 
lower glume A, instead of over B as 
in all other P^ncums. The pedicel 
is articulated below the lower glume ; 
and the species shows so far no ten- 
dency towards Isachne ; it is a very 
common -looking Fanicmi, near P. 
prostrafUMy Lam., and P. antidot ale ^ 

Eetz., and, without dissection, might 
be actually sorted into the Kew bundle 
of P. prostratum, which comprises a 
considerable range of forms. 

On my showing this species to Prof. 

Oliver, be called my attention to the cases of P. rude, E’ees, and 

LINN. JOUKN.— BOTANX, VOL. XXIT. 2 ,K 
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P. cayenmme^Jjnm,^ mentioBed l)y Doell (in Mart. Elom Brasil., 
Gram. pp. 127, 128, in nota)^ in wlu<*h spex^ies Doell has noticed 
an extra flower. In tliese cases, l^owever, tlie redundant flower 
occurs only exceptionally, causing the spikeleta to look double.’ 
In P. m^ervammi tke spikelets are closed, not more turgid tlian 
those o£ P. fTostratum, It may be suggested that P. super- 
vacuum is a state of P. prostratum, Lam. (or one of the nume- 
rous closely allied species thereto), arising from cultiyation or 
accident. To this I reply that no Pmiicum of this group is 
cultivated in India, so far as I know; and that I have col- 
lected P. supervaeuum both in the Terai of Sikkim and near 
Moorsbedabad. The uniformity of structure of the spikelets 
throughout these examples has caused me to treat it as a species, 
of which I append a technical description, using (as throughout 
this paper) the terminology of Kunth. 

Pakicum supervactjum- Culmi 3-4 dm. longi, ramosi, va- 
gantes. Folia 7 cm. longa, 8 mm. lata, basi truncata, in utraque 
facie pilosa ; iigula ex annulo pilorum constans. Panicula 1 dm. 
longa, laxa; rami 4-5 cm. longi, distantes, lineares, parum divisi. 
Spiculm 3 mm. long©, irregulariter sparsse, sgepe geminatse (altera 
sessilis, altera pedicellata) ; pedieelli minute pilosi, sub^glumis 
articuiati. Glumse (cum flore iiiferiore) pilosse : inferior cum I* 
parte superioris sequilonga. Flos iraperfectus (1- vel 2-paleatus) 
supervacuus inter florem masculum et fiorem perfectum inter- 
positus. — Species P. prostrafo^ Lam., similis. 

Hah Bengalia, O'. B, Clarke, nn. 35103, 38585, 36932. ^ 


Supplementary Kote on the Ferns of Northern India. 

By C. B. Clarke, F.L.S., and J. &. Baker, F.L.S. 

[Bead 3rd ISfovember, 1887.] 

J. G. Baker has been looking through the miscellaneous collec- 
tion of Ferns which C. B. Clarke has lately brought from Northern 
India, and selecting therefrom such specimens as he wishes to 
have pasted down in the Kew Herbarium. It has been the prac- 
tice of J. G. Baker, in similarly picking over fern collections for 
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Kevv, to publish a note of the new and critical plants ; because, if 
no record is thus kept, when the selected specimens have been 
once sorted into their places in the Kew herbarium, it is practi- 
cally impossible to collect them again. 

We have therefore drawn up the present Kote, which is in the 
form of a supplement to the paper of C. B. Clarke, On the 
Ferns of Northern India, published in the * Transactions ^ of this 
Society, series 2, Botany, vol. i. pp. 425-611. 

The collection of C. B. Clarke included some ferns authenticated 
by H. Blanford ; and among these some species lately printed 
in ir. Blanford’s * Simla Cheilanthes and there are a few miscel- 
laneous observations noted by J, G*. Baker referring to North- 
Indian Ferns, but not exactly suggested by the collection of 
C. B. Clarke. 

1. Cyathea becipiens, G. JB. Clarice et Baker ; i. e. Hemitelia 
decipiens, J. Scott i)i Trans. Linn. Soe. vol. xxx. p. 33, t. 14; O. 
B. Glarke in Trans. Linn. Soc. ser. 2, Bot. vol. i. p. 430. 

Certissime Oyathea. In C. B. Clarke, nn. 44025, 38322, iri- 
volucra (imo in sicco) spherica completa sunt. Hooker f. et 
T. Thomson, et G. Gammie e plantis cultivatis hanc plantam 
cum 0. s^imilosay Wall., conjunxeriint. 

2. Oyathea Ebun-okiatsta, 0. B. Glarke et Baker ; i. e. Also- 
pliiia Brunoniana, Walk; Kook. Sp. ML vol. i.p. 52 = Hemitelia 
Brunoniana, G. B. Glarke in Tram. Linn. Soc. ser. 2, Bot. vol. L 
p. 430. 

Involucra juniora sphajrica completa. 

3. Alsophila sikhimeksis, C . B . Clarke et Baker ; fronde* 
2-pmnata B-pinuatifida ; pinnularum segmentia majusculis, an- 
gusfce obiougis, coiispicue crenato-serrulatis, venulis 2~ddis mul- 
tisque 3-fidis, rhachidibus ferrugineo-bullatis neqne hirtulis. 

Non spinosa. Caudex visa 6-pedalis. Frondes 6-10-pedales ; 
Thachis mollis a palais adpressis brunneo-castaneis ligulato-linea- 
ribus (I unciam longis) dense intecta. Pinnm long® 18-24 uncias, 
lathe 6 uiicias, obiongce, lateribus subparallelis. Pinuiilm longm 4 
uncias, latse 1 unciam, tener» : segmenta crenata interdum. pauHo 
pinnatifida, Sori 4-10 in unoque segmento, in 2 seriebus rectis. 
dispositi : sori juiiiores, aphserici, virides, omnino nudi. 

Sikkim ; Rungbee, alt. 5500 ped., G. B. Glarke n. 36377,,. 
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4. Dicesokta appekbiciibata, Wall List ^ -655 var» Elwesii 
(sp .5 Hook, ei Baker ^ Bpi. Fil. p, 54). 

E serie exeinploriim H. Hlwesii a Levinge commiiBicatoraim^ 
Beddome D. Blwesii pro var. glabra D. apjpenimdm babet. 

5. Hymekophtlbijai pbaccibpm, Van den Bosch ; Bedd. Ferns 
Brit, Bid. t. 276. — H. dentieulatEm, Bw., var. fiaccidum, 0. B. 
Clarke in Trans. Linn. Bog. ser. 2, Boi. vol. i. p. 438. 

Eliasia; Cheira, alt. 4300 ped., C. B. Clarke nn. 427963 
4577B. 

Exemplis copiosis comparatis, J. Gr. Baker banc plantam pro 
specie (nec yarietate) habet.' 

6. Tbichomakes biptjkctatum, Boir, ; var. late alata, Van 
den Bosch, Hymen. Bnppl p. 54 (sp.). 

Sikkim, J. D. Hooker, Griffith*, Bungbee, alt. 5500 ped., C. B. 
Clarke n. 36386. 

Hsec var. a T. lipimctato, Poir., typ. mnltum distat fronde 
sessili nec stipitato ; cbaractere a C. B. Clarke in Trans. Linn. 
Soc, ser. 2, Bot. vol. i. p. 440, praeterviso. 

7. Datailia membeakblosa, Wall. ; €. B. Clarke in Trans, 
Linn. Soc. ser. 2, Bot, vol. i. p. 442. 

Darjeeling ; alt. 6000 ped. — In Sikkim a Levinge etiam 
lecta. 

8. Dataieta DABEiEFOBMis, C. B. Clarke in Tram. Linn. Bog. 
ser. 2, Bot. vol. i. p. 443. 

Hoc loco plantsD dim confuse sunt; cf. C. B. Clarke in Jonrn. 
Linn. Soc., Bot. vol. six. p. 291. H. C. Levinge bas duas in uno 
gen ere in iinica sectione collocat. In exemplis juveiiilibns Po/y- 
pod'ii iareceformis, Hook., ne vestigium nllum involucri discemere 
potnimus, 

9. Dataibia eulchba, P. Bon', C. B, Clarke in Trans. Linn, 
Boc, ser. 2, Bot. vol. i. p. 444. 

Var.DELATATi (sp., Beddome, MS.) I tennins divisa, fere qnadri- 
piiinatifida, segnientis nltimis minimis obloiigo-linearibiis. 

Khasia; alt. 5000-5600 ped,, O. P. Clarke nn. 45473, 44251, 
Ynnan, Belavay. 

Varietas a ceteris exemplis orientalibns B. yulclirm multnm 
recedeiis, var. psen do-cyst opt er is, Kunze, potiiis referens, sed in 
bac segmenta ultima innlto longiora sublanceolata. 
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10. Datallia bullata, Wall, ; G, Glarhe in Tran$, Linn, 
8oc, ser. 2, Bot, vol. i. p. 445. 

V ar. OYPHOCHLAMYs ; involucris late campaniilaceis ^ lateribus 
fere liberis. 

Kbasia j Shillong, alt. 4000 ped., a C. B. Clarke et G-. Mann 
lecta. 

Varietas inter JD. hullatam et D. Griffitliianam quodammodo 
intermedia ; squamge rhizomatis interdum albidse. 

11. Cheilahthes paeinosa, Kaulf,\ O. B, Qlarhe in Tram, 
Linn. Bog. ser. 2, Bot. vol. i. p. 457. 

Yar. sxJBDiMOEBHA ; frondibns triangnlaribns, stipitibus fron- 
dium sterilium brevissimis, fertilinm eiongatis. 

Kbasiaj Shillong, alt. 5000 ped., (7. B. Clarke n. 40529 &c. 

Varietas inter C.farinoHam et O. argenteam fere intermedia ex 
sententia Beddome. 

Var. AH CEPS (sp., Bla7iford ! Simla Oheilantlies) ; stipitnm squa- 
mis numerosis, castaneis, in margine pailidis ; frondibns in lamina 
inferiore albo-farinosis. 

Himalaya Occidentalis ; alt, 4000 ped., Blanford. Khasia; 
alt. 5000 ped., frequens, O. B. Clarke n. 40528 &c. 

Var. inter C. fannomm et C. albo’^arginatam fere intermedia. 
— C. grisea (sp., Blanford ! Simla Cheilanthes j, nobis, Q.farimm 
forma minor videtnr. 

Var. teheea; fronde tenera, parra, snbtriangulari, parum 
farinosa. 

Khasia ; Khiri Plum., ait. 2500 ped., Q. B. Clarke n. 45686. 

12. , Cheilahthes aegehtea, Kaulf . ; 0. B. Clarke in Trans. 
Linn. Boc. ser. 2, Bot toL i. p. 458. 

Var. suLPHiJEEA, Book. 

Ab hue C. farinosam, Yar. chrgsogligllam, Hook., distiogiiere 
nequimus. Q, argentea ev C. alhomarginata quasi O. farims(^ 
form^ forsan habendce suiit. 

13. OHYcniUM JAPOHlOtFM, Kimze ; C. B. Clarke in Tram. 
Linn. Boc. ser. 2, Bot. yoL i. p. 459. 

Bhizoma semper longe repens, mediocre nec crass urn, frondibns 
remotis ; in Yar. multisecia rhizoma omnino idem. 
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14. PxEEis G-eevilleatsta, TFall. ; G. B, Olarke in Trans. Linn. 
Soc. ser. 2, Bot. voL i. p. 406. 

Adde syn. P. (jtmdriaurita var. digitata^ Baker in Trisn. Journ. 
Bot. 1879^ p. 40. 

Adde habitat : Assam ; Luckimpore, alt. 300 ped. ; Garo Hillsj 
alt. 1200 ped. 

15. Aspeekium LON0ISSIMUM, Blzwie ] C. B. Clarice in Trans. 
Linn. Soe. ser. 2, Bot. yoI. i. p. 478. 

Adde habitat : a Garo Coliibus usque ad Muneypoor, alt. 100- 
1000 ped., frequens. 

16. Aspeekium EOKOipoEurM, P. Bon ; C. B. Clarice in Trans. 
Linn. SoG. ser. 2, Bot. \rol. i. p. 478. 

In exemplis, a H. Blanford commumcatis, J. G. Baker paucos 
soros diplaziformea invenit. 

17. Aspeekium deepakophyeeijm, Sooh. et Baker-, O. B. 
Clarice in Trans. Linn. Soc. ser. 2, Bot. yoI. i. p. 487. 

. Adde habitat : Panchmurree, LC. Blanford. 

' 18. Aspeekium Bieix-eoimika, Bernik, j ' 0. B. Clarke in Tram. 
Limn. Soc. ser. 2, Bot. toL L p. 491. 

Adde Var. 8. Schimpeei, B^,,Moug . ; Bee, Gen. Bilk. {Bolgjpod.)^ 
p. 187 ; rhizomate horizoutali elongato. 

Simla, m Blanford. 

Exempla, a II. Blanford communicata, cum Abyssinicis omniuo 
congruunt ; H. Blanford autem exempla misit alia quorum rhizoma 
abbreviatum stipitibus contiguis. 

19. Aspeekiem syetamcem, Brest; C. B. Clarke in Trans. 
Linn. Soc. ser. 2, Bot. vol. i. p. 497. 

Exempla ex unica grege lecta variant pinnis subiiitegris, pinnia 
plus minus pinnatifidis et pinnis pinnatis ! C, B. Clarke n. 45594 
&e. A. a€iimmai'um,‘WdLl., est idem. A. speciosum, Mett. (Hook, 
& Baker, Syn. Fil. p. 235), quoad majorem partem ex A. acumi- 
nato. Wall., constat: exempla autem pauca a Malaya paullum 
distant segmentis (sspius brevibus) acutissimis, soris longissimis. 
A. sglmtkum quoad exempla austraiiora et Zeylanica recedit 
textura tenuiore et margine acutius serratula. E sententia 
Beddomei, A. sghaiicum (form^ Mlagiricse Zeylanicae) species 
est bona; A. sglmticum (formie Himalenses Khasianse Bor- 
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ina-niHcso) species cst diversa cum A. latifoUo fortasse oliia 
coDjiingenda. 

20. Aselehium: toerehttum, C, B. Clarice in Tram. Linn. Soe, 
ser. 2, Bot. voL i. p. 500, tab. 64 (fig. 2 excL). 

Simla, alt. 6000 ped., II Blanford, 

Tab. 64. fig. 2 est A. latifolium^ D. Don : error inagna a 
Beddome detecta. 

21. Asplenittm bikkimense, O. B. Clarice in Trans. Linn, Soe. 
ser .^2, Bot. voL i. p. 500, est (fide Beddomei) A. joolypodioides, 
Mett., Tar. aspera^ sp. Blame. 

22. Asplehium mhlticaitdatum, Wall . ; C. B. Clarice in 
Trans, Linn. Soc. ser. 2, Bot, vol. i. p. 502. 

Forma ti/^ica: rhizomate horizontali subliypogaeo elongato, 
froiide regulariter secta, soris minusculis. — Forma prtesertim in 
Himalaya lecta. 

Yar. TRTSTis, G. B. Clarke, L c , ; rhizomate horizontali hypogmo 
elongato ; fronde parva ant magna laxe irregulariter secta, soris 
(qnam in forma typica) majoribua. — Yar. in Kbasia copiosa. 

Yar. OAUDXCEA, Baker ei C, B. Clarke \ rhizomate snberecto 
stipitibuB egespitosis ; fronde nt in Tar. tristi secta ; soris mi- 
nnscnlis. 

' Khasi et Garo Oolles, alt. 2000-5000 ped., frequens. B sen- 
tentia Beddomei hsec Tarietas est A. umlrosmn Tar. australis* 

23. AnnAHTOniA jatafiga, Bedd, ; C. B. Clarke in Trans. 
Linn. Soc. eer* 2, Bot. vol. i. p. 505. 

In Hook, et Baner, Gen. FU. 1. 120 A (ut in exemplis aliis) ii)- 
Toiucrnm exacte allant odioideum fere inferum (cyatheoidenm) 
depictnm est : in exemplis aliis C. B. Clarke n. 35390, invo- 
lucram superum ab altero (exteriore) latere dehiscens omnino 
Asplenii evadit. In exemplo Asplenii unilateralism Lam., in h. 
Beddome propr. conservato,involncrnm infemra omnino nt Allan- 
todisB typicm, Hook, et Baner, Gen. FiL t. 120 A, exstat. In sec- 
tione Bseudallantodia Asplenii (0, B, Clarke in Trans. Linn. Soc. 
ser. 2, Bot. vol. i. p. 495), sori (magis qnam in Allantodia ipsa) al- 
lantodioidei sunt. In pluribus JDiplas^iis autem in herbario affixis, 
sori in dorso fracti a margine non debiseentes visi sunt : prmterea 
fide Beddomei in agro visa viva hsec Budiplazia hand raro soros 
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pseiidalkiitoideis exliibent. Grenera Filicum e renatioue potius 
quaiii ex invokcris dim ordmaada sunt. 

24. Aspiditjm Peescottiaktjm, Wall, yar. /3. Ba'keeiaka (sp.)^ 
AtMnsofi M8, ; G. B. Clarke m Trans. Limu Soe, ser. 2, Bot. 
voL i. p. 510. 

Adcle : Baker in Hook. Ic. Pi. t. 165G ; quo loco Baker hanc 
yarietatem pro specie habuit. 

25. Aspidthm aeistatfm, Sio.; C.B. Clarice in Tram. Limi, 
Bog. ser. 2, Bot. voL i. p. 511. Var. typica partiin, i. e. A. coniifolio 
(cum syn.) excL — Lastrea aristata, Bedd. Ferns Brit. Inch t. SGI, 
partiin, i. e. rbizoiiia in angnlo sinistro superiore depictum. — 
Bhizoma repens, diyisum, -l—J- unciam crassiim: stipites snbdis- 
tantes in rbizoma continuo transenntes ; squanuB in rliizomate 
(cum squamis consimilibus in basi stipitum) unciam longm, 
lanceolato-subulatm, densse, patulas, brannesB nnicolores. Frondes 
mediocres (c. 12-18 nncias longje), 2-pia3iat8e ant sub-S-pinnatse. 

Planta in India anstrali, Zeylania, Malaya, Polynesia, frequens : 
in India boreal! nondiim lecta. 

Var. coKitEOLiA, Wall. List, n. 341, no7i Thwaites ; rbizoma 
breye crassnm, ssepe fere arborescens e terra exsertum, suberectum, 
apice a stipitibus stipatis coronatum ; squamae in basi stipitum J 
unciam (et ultra) lougse, lanceolate -subulate, densse, suberectse, 
brunneae unicolores. Frondes ssepe magnse (usque ad 4-5 pedes 
longic) 3-piimatse interduin 4-pinnat30 segmentis ultimis angnstis. 
—Bedd. Ferns Brit. Ind. t. 261, partim, i. e. quoad pinnain 
depietam. 

In India boreali commnnis. 

Forma affinis (sp.), Wall. List, n. 370; var., C. B, Clarke in 
Trans. Linn. Soc. ser. 2, Bot. vol. i. p. 511, cum syu. et cum var. 
Assamica, L c. : rhizoinate squamisque omnino ut in var. conUfoUa, 
Wall., sed fronde (s^epius magna) minus (interdum multo minus) 
secta. — Lastrea aristata, Bedd. Ferns Brit. Ind. t. 228 ; Bedd. 
Ferns Eotith Jnd. t. 101. 

Forma in omni India cum Burma lecta. 

Var. Thwaitesii, Thwaites, G. F. n. 3938 ; caudice erecto, 
squamis in dimidio inferiore stipitis late ovatis, in medio s^pe 
castaneis ; fronde 1-2-pedali 2-3‘pinuata, soris involueratis, in 
facie inferiore frondis sitis. 

Zeylania ; in provincia centrali copiosa (Thwaites), 
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Forma anomala; sorisHU facie superior© frondis sitis, iii?oliicro 
cadueo aiit forsan interdum obsoleto. — Thwaites, C. P. ii. 3504. 
l?olfpodimn anomalum^ Hook, in Kew G-ard. Misc. voL viii. p. 360, 
t. 11. 

Zeylania; alt. 5000-7000 ped. (TJmaites). 

26. Hephrodittm: cirsptDATTiM, Sooh. et Baker ; G.B. Clarke m 
Trans. Linn. Soc. ser. 2, Bot. toI. i. p. 512. 

Adde : rkizoma horizontal© brev'e, stipitibus approximatis, 

27, Hepheodthm: graciiescens, Hook . ; 0. B. Clarke in Trans. 
Linn. Soc. ser. 2, Bot. voL i. p. 512. Varietates et formjB a C. B. 
Clarke sub unica specie eiiumeratse, ex sententia Beddomei 2 vel 
3, ex sententia Bakeri 3 vel pliires species bonas constituunt : 
sed species a Baker propositse cum speciebus Beddomei, non con- 
terminge sunt. Sequitur enumeratio formarum: — 

a. Aspidiuk GiiACiLEscENS, Blume\\ rhizomate liorizontali, 
stipitibus approximatis robustioribus, venis iiidivisis. — Kephro- 
diuin gracilescens, Hook, et Bale. Spi. Ml. p. 262, typ. 

Ab India boreali nondum recepta. 

h. Aspidtum glanditligertjm, Kmzel; rliizomate elongate 
tenui, stipitibus smpo distantibus, fronde tenuiore in superficie 
inferiore glanduligera, involucris ciliatis, venis indivisis. — He- 
plirodium gracilescens, var. /S, Hook, et Bak. Syn. Ml. p. 262. 

In China. In Kliasia vulgaris, alt. 4000 ped., 0. B. Clarke 
nn. 87395, 44338, 42903, &c. <fcc. 

c. Nepheobium oraoilescens, var. hirsutipes, 0. B. Clarke., 
in Trans. Linn. Soc. ser. 2, Bot. vol. i. tab. 67. Bg. 1 ; rhizomate 
brevissimo, stipitibus subesespitosis robustioribus basi hirsutis, 
venis mdiYmB.'—Bedd. Herns Brit. Ind. t. 253, fide Beddomei ips. 

Hanc plantain Beddoine mecum ut var. H graGilescentis acsti- 
mat : Baker autem pro specie maluit. 

NepTirodium gracilescens., var. didgmoGlilmmides, C. B. Clarke, 
1. c. tab. 67. fig. 2, est Mrsutipidismem forma (Beddome., Baker, 
a B. Clarke). 

d. Hephbobitjm FLACciniTM:, Hook. Sp^ Bit vol. iv. p. 133, 
t. 263 ; stipitibns subemspitosis, fronde flaccida molli, rhachide 
pinnarum qnasi-alata, pinnarum segmentis pinnatifidis, venis (fere 
omnibus) furcatis. 

LINN. JOIJBN.— BOTANY, VOL. XXTV. 2 L 
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111 Sikldin et lOiasia, alt. 3000-6000 ped. frequens, O. B. 
Clarke nn. 3S514, 44590, &c. \ 

Certissiiiie pro specie liabenda fide Beddome et Baker, 

Borma (mibi)'rliacliide obscure aut obsolete alata. — C. B. Clarke 
n. 40533 (cum miiltis aliis inter kime uiimeniin et IF. fiacculnm^ 
typ. iiitermediis) ; Baker buicu. 40533 uomen fiaccidum tribuit 
Beddome nonien nullum tribuit ; Beddome enim specieni W. flac- 
eiiimi in rbacbide pinnarum qiiaskalata (ut cbaractere essentiali) 
stabilivit. 

e, IsTepheobittm gbacixescexs, Tar. becipieis^s, G. B. Clarke in 
Trans. Lhnu Soe. ser. 2, Bot. voL i. tab. 65. fig. 2 ; stipitibiis*sub- 
csespitosis, fronde flaecida, Tenis paueis (aut nullis) furcatis.— 

Vero similiter species distincta,” BedcL JSandh Ferns Brit. India, 
p. 234. Contra uFe^liroiii Idrsiitipidis (sp. Baker), var. ex sen- 
teiitia Bakeri. 

Kbasia, alt. 5000 feet, O. B. Clarke nn. 45466, 45655. 

ITae plan tie Baker ad var. decipientem retiilit ; Beddome bis 
plantis nomen non dedit. Mild bi numeri cum var. decipiente 
conjmigeiidi ; sed a Ffe^hrodio flaccido forma n. 40533, vix diversi 
videntur. 

28. Nepheobium caotm, JSook. et Baker ; C. B- Clarke in 
Trans. Linn. Soe. ser. 2, Bot. vol. i. p. 515. 

Simla, Blanford; rbizomate horizontali brevi: sed in 
W. frolixo tjp. C. B. Clarke n. 44652 rbizoma omnino simile 
videri potest. 

29. Hepheobium spaesem, D. Bon^ var. 2, ktiaqnama, C. B. 
Clarke in Trans. Linn. 8oc. ser. 2, Bot. vol. i. p. 524, est JT.jptilvi- 
nuliferum, cf. C. B. Clarke in Journ. Linn. Soc. vol. xix. p. 289. 

30. Hepheobixjm Otaeia, Baker in Hook, et Baker, Fll. 

p. 288. 

Assam ; Shillong, alt. 5300 ped., G. Mann. 

In India boreali antebac ignota. 

31. Hepheobium PEOCUBEEirs, .HboA et Baker) G. B. Clarke 
in Trans. Linn. Soc. ser. 2, Bot. vol. i. p. 530. 

Var. ? micivloda ; pinnis usque ad | partem vix divisis. 

Assam ; Kambre Borest, 0. B. Clarke n. 40811. 

Bliizoma tenue, elongatnm : pinnse fevo N. ppennigeri. 

32. Nepheobitjm amboieehse, Bresl ; C. B. Clarke in Trans. 
Linn. Soc. ser. 2, Bot. vol. i. p. 532. 
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^Tar, /3. evohita ; fronde magna ; pinnis magois distantibuB. 

Assam ; Shiliong^ alt. 3500 ped., O. B. Clarke nn. 44509^ 44528, 
44534. 

Ex sententia Beddomei species nee var. 

33. E'EPHRODiirM ciGTJTAEiTO, Rook. ef Baker; O. B, Clarke 
in Trans, ^inn. Soe. ser. 2, Bof. voL i. p. 539. 

Var. ? dubia; magna; stipitis basi a squamis lance olaiis nigris 
pendentibus ornata ; fronde lanceolata l-pinnata ; pi unis 6 pari- 
bus semipinnatis, 2 imis bifurcatis ; soris magnis biseriatis. 

A^sam ; Luckimpore, Q. B. Clarke n. 37819. 

In berb. C. B. Clarke sub nomine If. demrrens, var. exalafax 
ex sententia Bakeri forma interim. eiGutarium et B .faekypliyllum 
intermedia, verosimiliter species bona. 

34. ’ PoLYPODiUM AMCENUM, Wall. ; C. B. Clarke in Trans, 
Linn. Soc. ser. 2, Bot. vol. i. p. 550. 

Eorma pilosa ; fronde subtus in super ficie copiose breyiter 
pilosa. 

Kliasia ; frequens, O. B, Clarke nn. 44274, 44822, &c. 

35. PoLTPOBTiTM STTBAURiCTJLATxrM, Blume, FI. Jav. Fil p. 177, 
t. 83; pinnis numerosis approximatis, basi angustatis rarins 
subauriculatis, anguste laneeolatis, subintegris ant serratis; 
areolis 1-serialibus in tab. Blumei (aut smpius 2-serialibus); soris 
l-serialibus conspicue immersis (i. e. pinnis verrucosis). 

Kbasia, Simons n. 282 in K Kew. (exeniplum unicuin a 
Kbasia visum). 

Malaya, Australia, Polynesia, copiosa. 

GoniopMehium subauriculatum, Bedd. Ferns Brit. Ind. t. 78, 
ab exemplo Javensi depictum fide auctoris ips.^buc spectat: P. 
aryutuMj Wall., forma geograpbica P. subanriculati erit. 

36. P. AEaxjTTJM, Wall. ; G. B. Clarke in Trans. Linn. Boa* 
ser. 2, Bot. vol. i. p. 551 ; pinnis (quam in P. suhanriculato) minus 
numerosis, minus approximatis, venatione kxiore, basi angustatis 
aut subauriculatis ; areolis 1-seriabbus aut 2-serialibus ; soris 1- 
serialibus, non immersis. 

Himalaya; vulgaris. Kbasia; frequens. 

Forma khmiana ; pinnis laneeolatis (quam in P. sulaurieidato 
s8Bpius latioribus), basi ssepe subauriculatis, baud raro conspicue 
auriculatis ; areolis 2-serialibus ; soris l-serialibus non immersis. 

2 d2 
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■ — P. STibaHriciilatunij G. JB. Clarice in Trans. Linfi. Soc. ser. 2, Bot. 
voL i. p. 551 (exempla Klmsiana omnia nisi esemplum Simons 
n. 282). 

Kliasia; vulgaris. 

37. PoLTPonixJM CTETOLOETJM, J. Smith; C. B. Clarke in 
Trans. Linn. Soe. ser. 2, Bot. vol. i. p. 563. 

Khasi ; alt. 5000 ped., C. B. Clarke n. 45819. 

Species in Khasia anteliac non lecta : sed forsan a P. liastato^ 
Thun]}., var. oscylola vix diversa. 

38. PoEYEoniHM JHQ-LAFHiEOLiHM, B. Bon; G. B. Clarke in 
Trans. Linn. Soe. ser. 2, Bot. vol. i. p. 566. 

Var. EATJEEE; fronde l«-8 unc. longa, lanceolata, indivisa, in- 
tegra, per totam longitudinalitatem smpe fere sorifera. 

Kliasia; alt, 3000 ped., in ripis fluminis IJmian,, 0.,P. Clarke 
nn. 37267, 40657. 

Varietas decipiens: a Beddome juxta P. Criffitliianum, a 
Bakero juxta P. ovatum, prime locata. 

89. Ophioglosstjm eetictjhathm, Linn. ; C. B. Clarke in 
Trans. Linn. Soe. ser. 2, Bot. vol. i. p. 586. 

Adde kabitat : Parasnatk, CJiota Nagpore, alt. 2500 ped. 

40. Lvoo^odihm: Seuag-o, Linn. S ^. PL p. 1565. 

Kkasia ; Maoplilang, alt. 5800 ped., C. B. Clarke n. 38965 ; 
My rung, Griffith. 

Exemplum parvum G-riffitHi, in plagula Lyeojyodii %eylanici in- 
fixum, a C- B. Clarke olim praetervisum. ■ 

41. Ltcopodhjm cASUAEiFOinES, Spring; G. B. Clarke in 
Trans. Linn. Soe. ser. 2, Bot. vol. i. p. 593. 

Yar. pECTiFATA, Baker ; foliis divaricatis conspiciie albo-aristu- 
latis, inflorescentia depauperata. — Hook. le. PL t. 968. fig. 4. 

Kliasia ; alt. 500 feet (Soyung &c.) sat communis. 

Yar. eximia., a Gustav Mann pro specie propria babita, in 
Kbasia eollibus facile distirguenda : sed exempla a montibus 
Borneo in kerb. Kew. conservata intermedia sunt. 
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Bia gnoses Piantarum JSTovarum Orientaliiim. Bj Di\ Geoegb 
E. Post, Beyrout, Syria. (Communicated by J, G-. Bakee^ 
Esq., E.E.S., E.L.S.) 

[Eead 19tli April, 1888.] . 

The diagnoses and descriptions following are those of species 
and varieties discovered by the author in Syria and the adjacent 
regions of Asia Minor. All references to species and other 
botanical subdivisions are to the ^ Flora Ori entails’ of Boissier. 
The plants described have been carefully compared with the 
nearest allied species in the Herbaria of M. Boissier at G-eneva, 
and of the Eoyal Gardens at Kew, to the authorities of both 
of which establishments the author is indebted for much aid, 
which he desires gratefully to acknowledge. For convenience of 
reference, the varieties have been put in the order of the species. 

I. EANHHCTJLACE^. 

Eanunculhs aevensis, X., var. eosteattjs. Disci spin^ 
breves, sscpe ad tuberculos reductse ; marginis spinas breves, 
saepe ad dentes rednctse ; carpellum in rostrum subulatum arcua- 
tum ovario duplo brevius abeuns. 

Mob, Libanus ; Bethel, Palestinse ; Plauran. 

E. ABTENSis, X., var. lohgispxnus ; marginis spin® ovario 
longiores. 

Kah. prope Berythum. 

II. PAPAVEEACEiE. 

Papavee Ehceas, X., var. pinjsfatum. llispidissimum ; folia 
canlina intermedia petiolata imparipinnata S-I-jngis, foliolis 
oblongis grosse et irregulariter serrato-incisis segmento termi- 
nale obovato truncate grosse serrato-lobato, capsula ohovata. 

Sal), Kaftin ad radices Lihani prope Tripoli. 

The single specimen, which was presented to the writer by 
Mr. Band Eesa, is more robust than P. Mhmm, L., var. st/riamm^ 
Boiss., and far more hispid. . The leaves are from 4-6 inches 
long, and the leaflets from |-1| inch long, very coarsely 
toothed. A smoother specimen, with similar pinnate leaves 
(125 ^ Plant® Syria LittoraEs,’ under var. Boiss. in 
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Herb. Kew), resembles it in all but tlie club-sliaped umbonato 
capsules, further study will probably reduce P. umhouatum^ 
Boiss.j P. stylatmi, Boiss. et Bal., P. clavatum, Boiss. et Haussk.j 
P. commutaimn, Fiscb. et Mey., and P. jpolytriekmi^ Boiss. et 
Kj., to Tarieties of P. Bhosas, 

HI. CEUCIFEEJa. 

Hespeeis aintabica. Perenjiis, paree pilosa, foliis inferio- 
ribus obtusis lyrato-pinnatifidis vel sinuato-dentatis, superioribus 
integris acutis, racemo elongate laso ramoso, floribus violaceis 
petalorum limbo ungue duplo breviore, siliquis (junioribus) 
strietis, glabris. 

Sah. prope Aintab ; floret vere. 

Closely allied to the Armenian PT. lieuspidata, Willd., and 
S. un^uicularis, Boiss., from which it diflers by indumentum 
and entire stem-leaves. 

Stems numerous, 1 foot high or more, woody at base from a 
woody root, green, narrowly paniculate above ; lower leaves nar- 
rowly oblanceolate, 3-5 inches long, 4i-7 lines broad, obtuse, 
tapering into a petiole ; stem-leaves smaller, oblong and oblong- 
lanceolate, sessile, rather obtuse or acute ; calyx violet ; flowers 
8 lines broad, pods stipitate. 

M^ibcolmia aueanitica. Annua, sparse glanduloso-pubenila, 
caule fere a basi ramoso erecto, foliis ambitu linearibus runcinatis, 
floribus roseis, petalorum laminis oblongo-obovatis, siiiquis (juni- 
oribus) paree papillosis. 

llah. in agro ad viam prope Sow'aiat-es-Saghirah, ditionis 
Hauran ; floret Maio. 

Near M. rimcmata, C. A. Mey., from wFich it diflers by the 
indumentum, the shape of leaves and petals, and the pedieelled 
flowers. 

A small herb, the single immature specimen being 3 inches 
high ; the lower leaves 1|- inch long, 2-3 lines broad, with minute 
sparingly dentate lobes 1-1| line long, |“1 line broad ; racemes 
few-flowered, simple; the pedicels half as long as calyx ; sepals 
erect, green, sparingly papillose, obtuse, narrowly scarious at 
margin ; petals pink, 5 lines long. 

M. zACHiiENsis. Annua, patule pubescens, caiile siinplici 
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erectOj foliis ambita iinearibus pianatifidis, doribus roseis, peta- 
lorum laminis oblongis integris, siliquis ( juiiioribus) liirtis. 

Sab, in agris prop© Zaclileli, Coelesjrii© ; floret April!. 

N’ear the last ; but differs from it and Jf. runcmata^ C. A. Mey., 
by the pinnatifid (not runcinate) leaves, with oblong or trian- 
gular entire lobes. 

A small Kerb, the few immature specimens not exceeding 3 
inches in height, leaves 1-2 inches long, 2-2i lines broad, lobes 
1| line long, 1 line broad ; racemes few^-flowered, loose ; pedicel 
half as long as calyx; sepals crisply papillose, erect, oblong 
obkise. 

^THiOOTMA LOKOisTXLUM. Perenue, caulibus rigidibns basi 
ligneo aseendentibus, foliis coriaceis oblongo-linearibus obtusis 
turionum sterilium confertis ramornm fertilium panels, floribus 
.... silicnlis oblongo-rotundatis apice emarginatis alls angustis 
vix inflexis, stylo sinu angusto sequilongo vel longiore. 

Sab, in excelsis mentis Jebehel Pugbri, Libaiii ; Kai-pok-dagh, 
Amani infra cacuniine ; floret Julio. 

l^ear SI, coridifolmin^ DO.; but differs in the more woody 
steins, longer leaves, but principally in the large, nearly flat pods, 
with spreading pedicels, and style as long as sinus, or longer. 

A shrubby plant, 6-10 inches high, with branching stem; 
leaves of sterile stems nearly rosetted at end, an inch or more long, 
2-3 lines broad, those of fertile stems a little smaller, all very 
obtuse ; pods 3-4 lines long, 2|-3 lines broad, with narrow wing 
and 1-ovuled cell ; seed 1-|- line long, 1 line broad. 

jE. gileadense, G-labrum, parce ramosum, foliis inferioribus 
petiolatis obovatis margine nndulatis, caulinis Iinearibus acutis, 
floribus .... racemis fructiferis elongatis laxis, silicuhs obovato- 
orbiculatis basi retusis apice vix emarginatis, alls loculi diametro 
sequantibus radiato-plicatis involutis crenatis tandem fimbriatis, 
stigmate sessili. 

Sab. in umbrosis prope Es-Salt, ditionis Gilead ; floret 
Martio. 

Near elandeBtinum, DeL, of which! have seen specimens in 
Boissier’s Herbarium, but neglected to note the distinguishing 
characteristics. 

A plant with shrubby base, 8 inches high, lower leaves 3 lines 
long, as long as petiole ; stem-leaves 5 lines long, line broad, 
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silicle 2| lines long. Tlie specimen from whicli tbo above descrip- 
tion was made has few fruits and no flowers, 

lY. SILENEJE. 

DiiJS-THTTS MiriTiPiJKCTA.Tus, Ser,, var, peijinostjs. Indumen- 
tum pruinosnm. 

Mah. ad rapes calidos ad viam inter Hierosolymam et 
Jericlio. 

D, PLOEiBUiN’BUS, ^oiss., var. keehakicbs, Eolia et canles 
prainoso-scabridi ; flores rarias bini, ssBpius solitarii ; petala 
siccitate flava. 

Sai. prope Kerhan ad radices anstrales montis Akberdagb, 
Syria) borealis. 

D. ATOAifiTicirs. Grlaber glancescens, caulibus parce ramosis, 
fioribus axillaribus vel terminalibus solitariis magnis long© pedun- 
cnlatis, squamis quaternis oblongo-lanceoiatis apice patulis sea- 
rioso-marginatis in cuspidem viridem acutam patulam vel ascen- 
dent em abrnptinscnl© attennatis, calycis squamis 2-|plo longioris 
dentibus triangulari-lanceolatis mneronatis, lamina obovato-spa- 
tbiilata pare© den tat a. 

in agris inter Irbid et Bosrah, ditionis Haurdn; floret 

J unio, 

Near D.judaiem^ Boiss., but readily distinguishable by gla- 
brescencCj branchiiig stems, and longer scales. (§ 2. Leiopetali- 
* Flores solitarii, t Squamm subquaternse.) 

A plant 1 foot high, with somewhat the aspect of D. Libanoth^ 
LabilL, but more slender, and with sparingly dentate^ not fim- 
briate^ petals, with erect branching stems ; leaves 1-2 inches 
long, linear acute, plicate-canaliculate, narrowly white-margined, 
the low^er imbricated, dilated at base j scales 5-6 lines long ; 
calyx 14-10 lines long, striate ; colour of (immature) petals not 
determinable. 

SiBENE PoETEBi. Pcrennis, pruinoso-scabrida, caulibus paucis 
hiimilibus, unifloris vel parce dichotomis 2-3‘‘floris, foliis radicali- 
bus brevibus liiieari-spathulatis, intermediis acutis, superioribus 
subulatls brevissimis, calycis anguste cyiindrici eloogati rubro- 
vittati dentibus oyato-tiiangularibus margine scariosis ciliatulis, 
lamina obcuneata bifida, coronse lobis cuspidatia, capsula ovato- 
oblonga caljce sublongiore carpophore breviore. , . 
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llaT), sub cacumiixe montis Ziaretdagb Amani, et ia monte 
Aklierdagb, 7000 ped. ; floret Junio. 

A plant in § 23. Bcleroealyemce^ Boiss. M. Or. i. p. 638, near 
B* Mahmeliam^ but distinguished by characteristics pointed out 
in the Supplement to the ‘ Elora Orientalis ’ of Boissier, which 
at the time of writing is in the press. 

Steins shrubby at base, I'-l foot high ; slender, simple or 
sparingly branched ; root4eaves 1-1| inch long, 2 lines broad ; 
calyx narrow, 1 inch long. 

Y. ALSINE4E. 

Abeitabia GEATEOiENS, Bchreb.^ var. minuta. Folia lineas 
longa lineam lataj flores vix lineam longij planta tota deli- 
catnla. 

E.db, in sylvaticis ditionis ’Ajiun. 

VI. PAEONYCHIEiE. 

Paboktchia is-iYEA, JDG., var. obtusa. Bractese obtusiuscul^ 
vel hreviter acuminates, 

Hob. ad vias in Jebel Husha’ ditionis Gilead. 

P. EiVEA, DC., var. APTEisruATA. Caules elongati, internodii 
folds caulinis minutis multo longiores bractearnm argentearum 
destituti ; capital a pauca versus apicem caulis congesta ; 
bract esB oblongsB et ovatsa acutie. 

Hob. ad radices dumorum inter ’Ain Hesban et ’Amm^n, 
ditionis Moab. 

A strongly marked variety, with stems 3^5 inches long, stem- 
leaves 2-5 lines long, and heads in terminal cymes, yet seeming 
to lack sufficient characteristics to warrant its description as a 
species. Intermediate forms between it and the type should bo 
sought. 

P. ABOENTEA, Lmii.^ var. scABiosissiMA. Bractem caulinie 
folds numerosiores scariosissimsD, folia fere occultantes. 

B^ab. in agris et ad vias prope Antiochiam, 

A well-marked variety, conspicuous by its large silvery 
bracts. 



4i24 


DU. G. E. POST : BIAGIvOSES 


YII, MALYACE^. 

Malta sxlvestris, A., var. oxiloba, Eolia acute S-S-lobata, 
iobis argute dentatis. 

Mah. ad Tel-er-Eame, ditionis el-Glior. 

A specimen of tliis variety from near Leghorn is found in the 
Kew Herbarium, from the herbarium of J. Gay ; also one from 
Transylvania. 

Alcea acaulis, Cav.^ var. lokoipes. Pedunculi iiore mquilongi 
vel longiores. 

Mah. ad radices mentis Carmeli. 

This species is not happily named, as it is often caulescent, and 
sometimes with rather long trailing or ascending stems. 

YIII. LINAGES. 

Linum rigidissimitm. Basi suffruticosum,. caudiculis tor- 
tiiosis numerosis, foliis puherulis glaucescentibus earnosis turio- 
Bum sterilium confertis imbricatis minutis oblongo-obovatis 
acutatis margine albo minute denticulatis, ramorum fertilium 
lineari-oblanceolatis, ramis fertilibus erectis foliosis apice laxe 
corymbosis, floribus . . . , capitulis sphsericis breviter acumi- 
natis. 

Mah. in vallibus ad radices mentis Kapucham-Bagh prope 
Marash ; floret estate. 

A plant 6-8 inches high, shrubby at base, well distinguished 
from other Linums by tlie small rosettes of imbricated leaves 2-8 
lines long and broad on the sterile branches ; the scattered 
stem-leaves are 4-5 lines long, 1 line broad ; ripe capsules 2-| 
lines broad. This species would seem to constitute a new section 
in the genua Linum^ nearest to Si/lUmmi. Its place can only be 
determined when flowering specimens are obtained. 

IX. LEGUMINOSiE. 

Genista albiba, Willd., var. bieloea. Indumentum seri- 
ceum ; flores ssepius gemini racemes longos foliaceos formantes ; 
foliola oblongo-obovata 3 lineas longa. 

Sab. Ainaaia, Asise Minoris. * 

CxTisus DEEPANOLOBUs, Boiss.^ var. uiiisuTissiMUS. Eami 
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foliaque hirsutissimi ; foliola parva 4-6 liiieaa tantum longa 
elliptico-lenticularia. 

Hah. Amasia, Asias Minoris, 

Trigonella Noe aha, JBoiss., var. mihob. Nana, 2-3-polli“ 
caris ; floras ssepius gemini 2-4 in tota planta ; legumina eis tjpi 
breviora. 

Hah> prope Aintab . 

T. OYLiHDEAOEA, Hesv., var. LiLACiHA. Plores lilacini. 

Hah. ad viam Berytbo. 

Mejdicag-o Shepaedi. Annua, pubescens, caulibus ascenden- 
tibus, stipulis subintegris, foliolis minutis obovato-cuueiformibus, 
pedunculis folia escedentibus graeilibus 2-4-floris, floribus parvis, 
legunxine pnbescenti minuto piano bispiro crebre et radiatim 
venoso-reticulato, venis ante marginem subintegrum in nervmn 
elevatum flexnosum minute tuberculatum margin! parallelum 
anastomosantibus. 

Hah. in Syria boreali prope Aintab ; floret vere. 

A small species in § Fach^s^ircs, Uibrn, near Jf. ohscura, Eetz., 
= Jf. Helix ^ "Wind., from whicbi it differs by its nearly entire 
stipules, glabrous pod, &c. 

The name was given in honour of Mrs. Shepard, M.B., an 
enthusiastic and careful collector. 

Tbipoi/IUm Cahdoilei. Annuum,^ parce et adpresse pubes- 
cens, stipulis parte libera lineari-subulatis, foliolis parvis elHpticis 
integris, capitulis longe pedunculatis ssepius binis floiiferis obo- 
vatis, fructiferis oblongo-ovatis, calycis sericei, corolla rosea 
2|— 8plo brevioris laciniis erectis rigidis subulatis plumosis sub- 
SBqualibus tubo turbinato apice truncato subsequilongis, fauce 
clause. 

Hah. prope Aintab ; floret Maio. 

A delicate and pretty pink-flowered species near T. Alexan- 
drinum.^'hu.i differing by the silky calyx with equal subulate teeth, 
small leaves, and linear-subulate stipular appendices. 

Stems branching from base, prostrate or ascending j branches 
slender, 6-8 inches long ; leaves 4-6 lines long, 2-3 lines broad ; 
heads 6-9 lines long, 5-7 lines broad, smaller in fruit ; calyces 
erect in fruit, imbricated. 

T. ALSABAMi. Annuum, nanum, pattile pubescens, ramis 
tenuibus rigidis erectis, stipulis parte libera lioeari-subulata acuta, 
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foliolis parvis, capitiilis parvis, calycis liirsuti eximie 10-costati, 
corolla albicla basi attemiata duplo brevioris laciniis triangulaii- 
acmninatis triBerviis tiibo duplo brevioribus pateiitibus inferiore 
alteris subduplo longiore deorsuni uncinata. 

Mah, in agro ad radices mentis Alsadami (Jebel Quleb) inter 
Qurejab. et el-Kufr, ditionis Hanran. 

A dwarf annual, near T. maritimum^ L., but differing in its small, 
few-flowered heads, smaller leaves, and the long inferior lobe of 
the calyx. 

Plant 8-4 inches high j stem branching from base ; leaflets 3 
lines long, 1|~2 broad, oblong obovate-euneate, ciliate-mar gifted ; 
flowering heads twice as large as a pea, with white flowers ; 
fruiting heads a little larger ; calyx 2 lines long in flower, 4 lines 
in fruit. 

Asteauabus teachokiticus. Perennis, adpresse canescens 
basi suffmtieens, caulibus nanis fere a basi ramosis, ramis erectis 
floriferis foliis brevioribus, stipulis lanceolatis acuminatis albo- et 
nigro-pilosis, foliolis 8-7-jugis oblongis vel linearibus acutis, 
pedunculis folio multo brevioribus, floribus 2-5 racemosis axi 
tortuoso, bracteis pedicello brevissimo longioribus lanceolatis, 
calycis albo- et nigro-pilosi dentibus lanceolatis subulatis tubo 
basi valde gibboso cylindrico sextuple brevioribus, corolla quam 
calyx vix duplo longiore, legumiiiis erectis versus basin subarcuatis 
subpannosis linearibus sensim in rostrum eis octuplo brevius 
attenuatis. 

Mcib. ad viam prope Sowarat-el-Kebi3’ah, ditionis el-Leja 
(Hauran) ; floret April!. 

A greyish-coloured species in the section Xiphidmm^ differing 
from its neighbours by its small size, erect pods, and few flowers. 

Plant 8 inches high, overtopped hy long upper pods ’ leaflets 
8-5 lines long, 1 line broad ; fiow^ers piok, an inch long j pods 
somewhat terete or cylindrical, 2| inches long, 2 lines broad. 

ViciA NARBoxExsis, X., var. PiLOSA. Polia 1-juga. Legumina 
typo latiora, pilis basi tuberculatis obsita. 

Mob. in sylvaticis inter es-Salt et Hesban. 

X. UMBELLIPBRJE. 

BxFPiiEiFEUM Boissiebi. Annuum, caulis erectus elongate 
gracilis a basi dichotome ramosissimus, foliis lineari-lanceolatis 
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acutis striatis, rainulis ramo adpressis, urabelliilis ssepiiis binis 
altera longius pedunciilata seciis ramos stricte racemosis, iiiYolu- 
cell! phjllis oblongis trineryiis carinatis mucronatis umbellukm 
ininimain paucifloram superantibus, fructus (jimioris) Iseyis jugis 
acutis. 

Hob. in sjlraticis mentis Amani; floret Junio. 

Near B, tenuissimwm, Linn., but distinguished from it by ifcs 
more densely branched stems, the oblong leayes of the involucel, 
and the smooth fruits. 

Plant 1-2 feet high, primary branches spreading, flowering and 
fruiiing branchlets appressed. 

Bupleitrijm: aktiochitjm. Perenne, basi ligneum, eaule 
erecto elafco superne diehotome et anguste paniculato, foliis lan- 
ceolato .linearibus acutis tenuiter quinquenerviis basi sensim 
angustatis sessilibus, umbellis parvis subsequaliter 2-3-radiatTs, 
involiicri et involucelli phyllis minutis triangulari-subulatis pe- 
dimculis et pedicellis multo brevioribus, fructu oblongo pedicello 
longiore, jugis alatis, valleculis 3-4-vittatis. 

Sal. propre Tokoon-Alook, ditionis Amani ; floret Septembro. 

A plant in § 3 Qraminem Fructus Isevis tt Perennes (Boiss. 
FL Or. IT. 835), near B, rigidum^ L., but easily distinguished 
from it by its flaccid leaves with slender nerves j distinguished 
from B. faleatum, L., by its small 2-3-rayed umbels and much 
longer and more flaccid leaves. 

Stem 2-3 feet high j lower leaves 6-8 inches long, 4-5 lines 
broad j fruit 2| lines long. Flowering axis zigzag. 

PiMPiiVELLA nEPAUPEBATA. Perennis vel biennis, glabra, 
pallide virens, caulibus elatis teretibus rigidis subnudis diehotome 
et ample paniculato-ramosis, foliis radicalibus petiolatis 1-2- 
pinnatipartitis arabitu oblongo-lanceolatis jugis primariis 8-10 
seeuodariis 1-3 segmentis ovato-oblongia inciso-dentatis sectisve 
dentibus mucronatis, foliis caulinis paucis depaiiperatis petiolis 
semiamplexicaulibiis in lacinias lineares breves 1-2-pinnatiseetis, 
umbellis parvis trichotome dispositis pedunculisinseqixalibus radiis 
5-6 insequaiibus, pedicellis capillaceis submqualibus fructu minuto 
glabro ovato subasquantibus stylopodiis depressis stigmata sessili 
superatis. 

Sab. in mpestribus prope Aleih, Libani ; floret Octobro. 

In Sect. Tragimi ; perennial, readily distinguished from all its 
neighbours by its tall growth, 3-4 feet; its early marcescent 
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root-leaves, 6™8 inclies long, with greater segments an inch long, 
4-5 lines broad; its slender, almost naked, much-branched stems 
with rudiineiitarj leaves ; its minute umbels, 6-7 lines broad ; 
and its very minute fruit, half a line broad. 

ScAiiGEEiA capiblieoTjIA. Eadis minuta globosa, caule gra- 
elM tereto elato alternatim et patule ramosissimo, foliis radicalibus 
ambitu ovatis caulinisque in lacinias setaceas decompositis, 
iimbellis breviter 3-4-radiatis, involucro nullo, involncelli pliyllis 
subulatis aeiitis umbellulas 4-6-floras superaiitibus, pedicellis flore 
fructnque vix longioribus, petalis albis, frnctu globoso stylopodio 
depresso mammillari stylisque brevibus defiexis siiperato nitido. 

Hab, in sylvaticis Amani supra Hassan Bey ley et in monte 
Alilierdagh supra Marash ; floret Septeinbro. 

A plant with the aspect of Carum setaceum, Schr., = Bunium 
eapiUifoUumy Kar. et Kir., but readily distinguished by the few- 
rayed primary and secondary umbels, and from its allies in 
Sect. II. McBosticta by its globular root, leafy stem, and less 
tortuous branches, and subulate leaves of involucre and involucel. 
It has the globular mericarps, with concave internal face, of Sea- 
Ugeria. 

Caeum beachxactis. Glabrum , caule humili fere a basi parce 
et dichotome ramoso, ramis divarieatis, foliis radicalibus .... 
caulinis panels parvis in lacinias paucas lineari-spathulatas divisis, 
unibellse radiis 7-8 brevibus subgequalibus uinbelluHs paniin 
longioribus, involucri et involucelli phyllis membranaceis lan- 
ceolato-subulatis radiis et pedicellis brevioribus vel siib^quilongis, 
pedicellis gracilibus frnctu oblongo brevioribus, stylis fructus 
diametro duplo stylopodio depresso sextuple longioribus, 

SaK in monte Akherdagh, Syrise borealis. 

A plant of Sect. Bimium, near G. Boiss., and G. 

ialozzm^ Boiss., differing in the very short equal rays of the 
primary and secondary umbels. 

Boot globular, sometimes lobed ; plant 4-6 inches high, seg- 
ments of upper leaves 2-8 lines long, i line broad ; primary 
umbels 1 inch broad, radii 4-5 lines long; secondary umbels 
8 lines broad ; fruit 2 lines long, | line broad. 

C. HnnuM. Perenne, glabrum, caule tereti elato supenie 
alternatim paniculatim ramoso, foliis radicalibus .... caulinis 
intermediis pinnatis 2-jugis, foliolis parvis oblohgo-ellipticis acutis 
integris, superioribus ad petiola membranaeea vaginantia scarioso- 
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marginata abmpte eaxidata reductis, nmbellis in^eqiialiter 12-14- 
radiatis radiis uinbelliite fructiferge diametro 2|plo loiigioribus, 
involuero millo, involueelii pbylKs panciB mox decidiiis brevibus 
snbulatiSj friictu oblongo pediceHo gracili breviore, stylis deflexis 
®tylopodio depresso eonico parum longioribiis. 

Hah. in monte Amano prope Beilan ; floret Junio. 

IN’ear G. eler/am^ Fenzl, but well distinguished by the oblong- 
elliptical leaflets, and caxidate upper petioles and short styles. 
A plant lJ-2 feet high, with sparingly branched stem ; leaflets 
4-5 lines long, Ig broad ; rays Ig inch long ; secondary umhels 
15-j^O-rayed, 7-8 lines broad j fruit 24 lines long, 1 broad. 

CHiEEoraxLLUM OLioocAEPUM. Perennc, canlis gracilis teres 
plnries dichotomns, rainis tenuibns rigidulis, foliis radicaiibas 
petiolo piano dilatato menibranaceo suifultis in lacinias paucas 
filiformes parti tis, canlinis ad lacinnlam lineari-setaceam sessile ni 
reductis, nmbellis secus ramulos tenues snbsessiles brevissime 3-4- 
' radiatis, involneri involucellique phyllis membranaceis minimis, 
nmbeiiiilis 5~6-floris, fiore centrali nnico fertile, friictu lineari- 
eylindrico basi attennato stylis defiexis disco angusto longioribus 
siiperato, jugis elevatis. 

Hah, in pinetis declmtatis -orientalis infra cacumine mentis 
Kai-pok-dagh Amani ; floret Angusto. 

Nearly allied to 0. macrospermum, but readily distinguished 
by its almost naked, junciform, dichotomons stems, and its small, 
short-rayed umbels. 

A plant, foot high, with short peduncled umbels loosely 
racemed along the slender branches ; rays scarcely 2 lines long ; 
fruit 01-11 lines long. 

FBETTLAao Amafi, Pereunis,. caulis eiatus tenuis gracilis fere 
a basi ramosissime paniculato-snbcorymbosus, angulatus, foliis 
radicalibus . , . eaulinis et rameis ad vaginas breves laneeolato- 
lineares reductis ex quarum axillis in parte inferiore folium dimi- 
nutum in lacinias subulatas dissectum oritur, nmbellis parvis 
breviter et tenniter 4-5~radiatia, involucris involncellisque brevis- 
simis oblongo-triangularibns, mericarpiis (immatnris) oblongis 
pedicelio tenni sublongioribns. 

Hah, in regione intermedia declivitatis ' occidentalis Kai-pok- 
dagb Amani ; floret Septembro. 

The diagnosis, prepared by the author with the concurrence of 
the late lamented Boissier, shows that this plant is closely allied 
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to M stellafa^ Boiss. It is disting aisli able by tlie peculiarities 
of the leaves, the small, short-rayed umbels (those of F. stellata 
liaving 8-12 rays inch long). The plant is 2-3 feet high, 
with nodes not thickened as in F Cassia^ Boiss., and narrower' 
inericarps. 

Eeeulago BLAiycHEAJS-A. Perennis, glabra glaucescens, caule 
elato angulato-sulcato snperne thyrsoideo-corymboso, foliis 
inaximis ambitu ssqailongis ac latis in lacinias liueari-subulatas a 
eostis indistinctas obtnsas abrnpte mncroniilatas supra decom- 
positas, involucris et involncellis brevissimis, lineari-lanceolatis 
deflexis, iimbellis breviter lO-15-radiatis, floribus .... mericarpiis 
pedicello longioribus elliptieis jugis tribus dorsalibus prominen- 
tibiis aeutis margine latiuseulo, vittis dorsalibus 7-8 conimissora- 
libiis sub senis. 

Sah. in excelsis mentis Aklierdagh, supra Marasb ; floret 
Julio. 

This species was diagnosed with the concurrence of M. Bois- 
sier, and separated from F thyrsoidea on the ground of the 
shorter divisions of the leaves, tlie fewer vittae, and larger ineri- 
carps. A plant 3-6 feet high, with panicles 1| foot long in 
fruit, 

P. ATJBAiiriTioA. Perennis, ad canlem elatnm sup erne coiym- 
bosum glabreseens glauca, foliis inferioribus amplis anihitu ovatis 
petiolatis pinnatiih supradecompositis petiolis primariis et secun- 
dariis crassis brevibus laciniis oblongo-linearibus margine exiinie 
papilloso-scabrido revolntis, superiorum lacinulis anguste linea- 
ribns, nmbellis 12-14-radiatis, involucri involncellique pliyllis 
longis capillaribus, pedicellis fructu longioribus, mericarpiis ob- 
longis. 

Sal, in agris prope Qureyah, ditionis Auranitis (vulgo Hau- 
ran) ; floret Aprili, 

Hear F, syriaca, Boiss., but differs strongly by its leafy stem, 
the 3-pinnate dissected leaves subtending even the uppermost 
branches, while in F sijriaca they are reduced to scales ; also in 
the long capillary involucres and involucels. 

Plant 3-4 feet high ; lower leaves including petiole 1 foot long ; 
keinias 3-6 lines long ; leaves of involucre an inch or more in 
length. 

PBAI^rGOS MELICOCAEPA, JBoisS,, Var. TllACHOmTICA. Tota 
crispe pubescens ; foliorum lacinias ciliatae ; planta typo procerior. 
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Mai. in scaturiginibus Yuicanicis Tell-Shiban, 'ditionis Tracbo- 
nitis (vnlgo el Leja). 

A plant witli softer foliage than P. Arcu-'Romanm^ and greyish 
crisp mdumentum, distingnishing it from the type and the latter- 
named species. It is found not only on the volcanic cone of 
Tell-Sliihan, but in the fields around its base* 

JoHEENiA PoETEEi. Pereniiis, glaber glaueescens, caule tereti 
elato pluries striete dichotomo undo, ramis rigidis crassiusculis, 
foliis omnibus radicalibus ainbitu oblongo-lanceolatis piiinatisectis 
segmentis senis cum terminali impari secus rhachidem sessilibus 
remcptis ovatis grosse dentatis, umbellis aliis in dichotomiis sub- 
sessilibus depauperatis brevissime pauciradiatis aliis terminalibus 
insequaliter 6~12-radiatis contractis, involucro nullo, involucelli 
phyllis deflezis breviter lanceolatis, pedicellis tenuibus fructu 
subbrevioribus, mericarpiis ovato-oblongis, area centrali plana 
amargine fungoso albo distincta, commissura plana pruinosa. 

Mah. in collibus apricis ditionis Kapii-Oham, prop© Marash ; 
floret Julio. 

Near J, fmigosa^ Boiss., from whieb it differs in the naked 
stemsy the peculiar arrangement of umhels, absence of involucre 
and involucel, short pedicels, &c. It differs from J. selinoides by 
its 1- not 2-pinnatiseet leaves with ovate not linear segments. 

Plant 3 feet or more in height ; segments of leaves 8-9 lines 
long, pinnatisect ; mericarps 2 lines long. 

Bafcus joebakious, Annuus, sparsissime papillosus gla- 
brescens, caule crasso elato a basi dichotome ramoso, foliis ambitu 
oblongis petiolo non inflato suffultis 2-3«pinnatipartitis divisioni- 
bns primariis et secundariis petiolulatis laciniis oblongo-lineari- 
bus obtusis, umbellis longe pedunculatis insequaliter 8-12~radiatis, 
involucri phyllis persistentibus linearibns viridibus apice callosis, 
involucelli phyllis ovatis acuminatis albo-scariosis margine ciliatis 
pedicellis hreviorihus, petalxs extus glabris late obcordatis, fructi- 
bus pedicellis subduplo brevioribus setis valde ioseqnalibuB obsitis 
jugorum secundariornm glochidiatis fructus diametro snbdupio 
longioribus, prima riorum brevibus muticis, stylopodiis eonico- 
elongatis stylis quadruple longioribus superatis. 

Mah. in berbidis ditionis el-Ghor, Jordan! vallis ; floret Aprili. 

This species has the large umhels and flowers of D. pulcherri- 
mus, but is readily distinguished from it by the involucre, the 
non-inflated petiole, the much smaller fruits, resembling those of 
a JPsammogeton^ and the dense bristles of the primary ribs. 

Plant 2 feet high, lower stem-leaves 4 inches long, lacini@e 2-3 
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lines long, | line broad, fiowers l|-2 lines broad, fruit (without 
bristles) 1| line long, | broad. 

XI. EUBIACEJE. 

Cxabium: gymblosum. Humile, caule erecto glabro superne 
parce dicliotonio cjmuloso, foliis parvis quatei^nis elliptico-lenti- 
culis obsolete trinerviis margine scabridulis, eymis termiualibus 
et ex axillis superioribus foliosis contraetis 3-8-floris, pedicellis 
flore brevioribus fructiferis erectis, fructu glabro saepius insequa- 
liter didymo. 

Mah. in spbagneis syivaticis montis Amani; floret Augusflo. 

A dwarf plant of Sect. I. JSugalimn^ § 1. Flaiggalia^ but witli 
indistinct lateral nerves, nearest to JE. valantioides^ but distinct 
by its smaller size, smaller elliptical not rhomboid leaves, with less 
marked nerves, few flowers in almost sessile cymules subtended and 
almost concealed by two oblong leaves longer than themselves. 

Plant 3~5 inches high, leaves 3-4 lines long, broad, 

cymules 2-3 lines broad. 

G-. BA.]XTiaiNOSiJM:. Perenne, basi suffruticosum, totum patule 
lanuginosnm canuni, caulibus erectis crassiusculis, foliis ellip- 
tico-rhomboideis margine revolutis, cymis axillaribus pedun- 
culatis. 

Sab, prope Hadjin in Tanro. 

As the specimen is not in flower it is not possible to determine 
its affinity. It has the aspect of a neighbour of G-. canum^ but 
is quite distinct in indumentum and form of leaves. Stems 3-6 
inches high, leaves 3-5 lines long, 2-3 broad. 

Aspeeitla bissitiyloha. Perennis, minute scahridula, sicci- 
tate nigrescens, rhizomate repente lignoso, caulibus nnmerosis 
elongatis tortuosis inferne induratis debiiibus procumbentihus, 
foliis senis oblongo-elliptieis obtusis vel mucronulatis, floribus 
solitariis rarius 2-4-cyinulosis, peduneulis pedicellisque gracillimis 
folio brevioribus ex axillis superioribus, corollm (siccitate albo~ 
virentis) tubo lobis ovato-oblongia parum breviore, antheris ob- 
longis exsertis, ovario minuto globuloso apice truncate. 

Sai. in syivaticis Amani ; floret sestate et autumno. 

A plant of Sect. YI. Cgnmiehim^ § 6. Bracliganfha, having no 
near congeners, distinguished from most of the Asg^erulm by its 
flaccid Galioid stem and leaves, and scattered minute flowers. 

Stem 1-1| foot long, leaves 4-6 lines long, 2 broad, pedicels 
line long ; fruit half a line in diameter. 
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ScABTOSA OCHEOLEFCA, Linn.y var. iifTEEMEDiA. Indumeiitiiiii 
subpaiinosum, folia inferiora oblonga basi in petiolnm longnm 
margiimtum attenuata obsolete crenata, superiora plus minusve 
Jyrafco-piiinatipartita, segmenta cuneato-oblouga crenata, late- 
ralibus terminali multo minoribus, floras cserulei vel rubelli. 

Sal), in rupesfcribus Amani ; floret Septembro. 

Tliis variety is quite intermediate between S. oclirolema^ Linn., 
and /S', taygetea^ Boiss. et Held., and establishes the uiaity of the 
two species. 

XIL COMPOSITAE. 

ERiOEBOif SETIEEEUM. Bienne, caule elafco striato setoso 
foHosissimo superne stricte ramosissimo, foliis anguste lineari- 
lanceolatis utrinqae attenuatis acutis viridibus ad margines ner- 
vumque albo-setosis, rameis subulatis, raeemis confertifloris pani- 
culam elongatam polycepbalam formantibus, eapitulis minimis 
bemiapbsericis pedicellis filiformibus eis vix longioribus sufEultis, 
iuvolucri pallidi glabro vel parce setulosi pbyllis anguste lineari- 
bus obtusis anguste albo-marginatis intimis pappum subsequanti- 
bus, floribus femineis paucis filiformibus, acbeniis birtis columna- 
ribus pappo sordido uniseriali dimidio brevioribus. 

Sal, in paludosis Syriae borealis ad Pylas Syriacas. 

A tall species, nearest to S, Auclieriy 3~6 feet high, with a 
panicle 1-2 feet long ; the stem-leaves an inch to scarcely a line 
and a half broad, the upper gradually smaller ; heads as 
large as those of S linifolium and S cegyptiacum, 1| line long 
and broad. Eeadily distinguished by the white pectinate hairs 
of the leaves, and the very numerous minute heads. 

Aohixlasa Shepabbi. Perennis, adpresse albo-lanuginosa, 
caulibus simplicibus superne corymboso-capitulatis, foliis inferio- 
ribiis petiolatis ambitu obovatis 2~3-pinnatipartitis laciniis ob- 
longis niinutis obtusis, foliis caulinis paucis depaux3eratis 1-pin- 
natisectis, corymbo terminali dense composito, involucri obovati 
dense lanuginosi phyliis oblongis obtusissimis valde insequalibus, 
floribus omnibus tubulosis fiavis. 

Sal. prope Amasia, Asiss Minoris ; floret estate. 

A plant to be placed in § 2. Filipendulm, distinguished by silky 
indumentum, almost naked stem, and compact corymb of yellow 
flowers. 

One foot high | nearly all the leaves inferior, 10-15 lines long, 
somewhat fan-shaped, 6-8 lines broad ; stem-leaves 3-6 lines 
long ; laciniiB 1-2 lines long. 
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CiEsiPM Amai!?i. Bienne, bipedale Tel procerins, caule papil- 
loso-pubescenti striato versus apicein parce ramoso, ramis monoce- 
pbalis, foliis firmis supra glabris strigosis subtus minute araiieosis 
oblongis sinuato-lobatis lobis acutis acute lobato-dentatis 
capitulis medioeribus foliis summis involucratis, iuvoliicri glaber- 
ximi pbjllis linearibus margine ciliatulis in spinulas tenuissimas 
flavidas erectas fiores duplo breviores attenuatis. 

Mai. in cacumine mentis Amani supra Hassan Bey ley. 

Eot nearly allied to any oriental species, distinguished by few 
solitary term in al beads longer than a hickory nut, non-decurrent 
leares, and fibrous roots spreading laterally from neck. Biant 
2-3 feet high, 

Cektaueea Dodbsii. Perennis, caule elato inferne pilis undu- 
latis crispis ohsito, superne araneoso remote 8“14-cephalo3 foliis 
firmis papillosis radicalihiis longe petiolatis ovatis basi subcordatis 
integris vel subrepandis, caulinis inferioribus oblongo-lanceolatis 
acutis basi in petiolum alatum longe attenuatis, superioribus 
linearibus sessiiibus sensim diminutis, capitulis magnis globosis 
basi truncatis pedunculis eis brevioribus sufFultis,involucri glabri 
phyllis latis stramineis margine crebre pectinato-spinulosis spi- 
mulis dehilibus, intermediis in spinam stramineam, eis longiorem 
attenuatis, flosculis .... acheniis 

Mai. in planitie Antiochige ad radices mentis el-debel-el-Ahmar 
(Ghizii-Bagh) Amani ; floret Julio. 

Sect. Yll. Acrocentron .... nearest to G. Maim- 

Icneclitii, Boiss., but difiers from it in being a taller plant (3 feet or 
more in height), in its crisp undulating indumentum, in its longer 
simple leaTes, ovate-cordate at base, a foot in length, and 3-4} 
inches broad, and larger heads (an inch long). Named formerly, 
in a schedule submitted to M. Boissier, C. polyceplmla. 

C. TEACHOi^iTicA. Perenuis, subacaulis, radice crasso verti- 
cal!, foliis omnibus radicalibus vel ad basin pedunculorum in- 
sertis rosulatis firmiusculis strigosis lyrato-pinnatisectis, segmentis 
parvis valcle inaequalibus oblongis et oblongo-lanceolatis obtusisvel 
acutis inucronatis plus minus ve irregulariter dentatis decurren- 
tibus, capitulis 8-15 breviter pedunculatis ovatis majusculis, 
involucri glabri phyllis ovatis virido-rubellis superne albo-ciliatis 
in spinam iiiferiorum brevem interm ediorum phyllo 1-2-plo longi- 
orem validem paten tern vel reilexam abeiintibus intimis in- 
ermibus rubris apice scariosis ciliatis, flosculis purpureis, acheniis 
parce et^ adpresse sericeis parvis basi pilis Wiusculis obsitis, 
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pappi albi baai aiirantiaci serie intermedia achenio sesquilongiore 
interna snbsequilonga. 

Bah. in scatiiriginibns yulcanicis ad radices montiiim Shulibali, 
ditionis Tracbonitia (vulgo ei-Leja). 

Near O. Sellenica, Boisa. et Bprun . ; differs from it intbenu- 
ineroTis beads, tbe stont spines of the inyolucre, atrigose indu- 
mentum, pappus orange-coloured at base, the intermediate series 
larger and the ' inner as long as the acbene. 

XIII. CAMPANULACE^. 

Campaistula Tbachelium', L., var. souitaeia. Mores solitarii 
vel gemini, calyx corolla parum iongior ; bisce notis exceptis, ad 
var. orientalem, Boisa., accedit. 

0. AMASiiB. Perennis, breviter retrorse hirta, radice fusi- 
forme crasso, caulo simplici erecto striato racemo eomposito 
thyrsoideo abeunti, foliis radicalibus cito evanidis, caulinis sessi- 
libus oblongis et oblongo-ianceolatis obtusis vel aeutis obsolete 
denticulatis, fasciculis breviter pedunculatis 1-3-floris, calycis 
pediceilis longioris laciniis subulatis ascendentibus vel patentibus 
tubo turbinato 2-3pIo longioribus, corollo obconica-campanulata 
pallide cseruiea caiyce sesquilongiore in lobos triangularibus lan- 
ceolatos fere ad medium secta. 

JBah. prope Amasia, Asise Minoris ; floret J unio. 

Near O. lanceolata ^xicolm\ butdifiersin indumentum, 

calyx-lobes two-thirds as long as corolla and narrowly triangular- 
lanceolate ; corolla-lobes almost as long as tube. 

Plant a foot or more high j flowers 10 lines long ; stem-leaves 
1-1 1 inch long, 2|-4 lines broad. 

XIY. BOBA&INEJE. 

Afchitsa SHArriroKii. Annua, nana hispidula superne parce 
ramosa, foliis sessilibus oblongis obtusissimis inferioribus basi 
attenuatis integris, floribus nigro-purpureis brunneis racemos 
terminales pauciflores densiusculos formantibus, pediceilis caiyce 
brevioribus fructiferis defiexis, calycis prof unde quinquepartiti 
laciniis fructiferis parum auctis linearibus nuculas superantibus, 
corollse caiyce duplo longioris lobis rotundatis tubo exserto, 
fornicibus exsertis fulvis veiutinis, nuculorum (juniorum) fade 
externo tuberculata. 

Sab. in agris prope Aintab et Marash ; floret Aprili. 

A plant 3-4 inches high, erect, near A. Milleri, but distin- 
guished from it by indumentum, entire obtuse leaves, rather dense 
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racemes, sliort pedicels, deflexed in frait, calyx-lobes scarcely 
longer than nucules, and deep blackish-brown flowers. 

Alzaoti OEiENTALis, var. TOTEGEiFOLiA. Eolia Integra 

margine non nndulata. 

Sab, prope el-Kufr, ditionis Alsadami (Yulgo Jebel Quleb). 

Corolla I inch long, | broad ; nucules line broad. 

A. MEGACABPA, A. DQ., var. Shattuckia. Elores violacei 6-7 
liiieaslati; indumentum typo mollius. — A very pretty variety. 
Further study with better specimens may entitle it to specific rank. 

Tbichoubsma Boissieei. Perenne, totuni molliter seriqpo- 
velutinuin einereum superne subjDannosum, caulibus ascendent i- 
bus superne corymboso-paniculatis, foliis oppositis oblongis vel 
oblongo-lanceolatis integris acutiusculis, inferioribus in petiolum 
brevi attenuatis, superioribus sessilibus cordato-amplexicaulibus, 
racemis paucifloris terminalibus, bracteolia lineari-lanceolatis, 
pedicellis calyce 2-3plo longioribus demum cernnis, floribus pol- 
licaribus latis, calycis floriferi laciniis lanceolatis acuminatis, 
corolte lobis a basi rotundata ovatis acuminatis reflexis, antheris 
extus parte inferiore breviter cano-pannosis. 

Sah. inter ruinas templi Qosr-ei-’Abd ad ’Araq-el Amir, diti- 
oiiis Moab ; floret April! et Maio. 

FTear T. moUe, BO., but differs from it in more velvety indu- 
mentum, longer pedicels, but especially in the short white pannous 
indumentum of the anthers. 

A foot or more high, lower leaves 2| inches long, 1 broad ; the 
upper gradually diminishing. 

Pabacabtum Eexttebi, Boiss- et Saussh.^ var. leiooabba. 
Nuculae glabrae ; stylus fructu sub duplo brevior. 

Sdb, prope Qaldun in Bamasci planitie ; floret Aprili. 

XV. SCEOPHIJLAEIACE.B. 

Yeebascum Babbexi. Bienne, lana detersile pannosum 
flavidum, caule simplice vel parce ramoso, ramis iongis 1-2- 
pedalibus, foliis radicalibus petiolatis ellipticis magnis crenato- 
serratis supra sparse stellato pubescentibus caulinis. . . floribus 
glomeratis spicam longam densam formautibus, pedicellis calyce 
ffiquilongis et longioribus, calyce fere ad basin in lacinias lineares 
aputas partito, corolla flava extus hirta, capsulis calyce brevioribus. 

Sab, in caeumine mentis Amani supra Hassan Bey ley ; floret 
Augusto. 

(Sect. PI* § 5 L^ehnitidea Boiss. Bl. Or* iv. 299), distinguish- 
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able by its 12-16-in cli long , 6-8-incb broad lower leases, and 
1-2 dense spikes of yellow flowers. 

Plant 3 feet or more high ; calyx 2-2 i lines longj corolla 
8-10 lines broad ; capsule 2 lines long and broad. 

Yebbasgum gileadekse. Bienne, canle elato adpresse tomen- 
toso superne foliis decurrentibus anguste bialato, foliis radicalibus 
ad pagum inferius adpresse tomeiitosis ad pagum siiperius 
sparse et adpresse stellato-puberulis oblongis iiTegulariter inciso- 
lobatis et dentatis niargine valde undulatis yersus basin lyratis, 
caulinis adpresse toinentosis oblongis sessiiibus obtusiuseiilis 
dentatis, floribus .... 

Sah, in agris Wadi-es-Sir, ditionis Gilead ; floret Junio. 

Beadily distinguished from the otlierYerbascums by its sinuate 
lower and long decurrent upper leaves, producing a winged 
stem. 

Three feet or more high ; root-leaves a foot long, 3-4 inches 
broad, the upper gradually diminishing. I have not seen a 
flowering or fruiting specimen. 

Y. QiJLEBictrM. Bienne, canle elato crasso superne rigide et 
ample paniculate plus minusve adpresse tomentoso, foliis radi- 
calihus dense araneoso-pannosis magnis oblongis obtusis basi 
angustatis grosse crenato-serratis lobaiisve sessiiibus, interme- 
diis . . . superioribus sessiiibus diminutis integris basi rotundatis 
lanceolatis acuminatis, floribus 2-5 minutis pedicellis calyee 
longioribus suffultis, calycis fere ad basin fissi laciniis lanceolatis 
acuminatis, corolla , . . , eapsulis piso minoribus ovato-sphserxeis 
calyee longioribus glomerulis fructiferis avellanse magnitudine. 

Mah. in scaturiginibus vulcanicis declivitatis australis montis 
Alsadami (vulgo debel QuMb) ditionis Hauran. 

Beadily distinguished from other Yerbascums by its cobwebby 
indumentum, root-leaves 6-15 inches long, 3-5 broad, and panicle 
a foot long and broad. Plant 3-5 feet high. 

Oelsia Bekheti. Bienne, sparse stellato-puberulum vel gla- 
breacens, caule erecto elato fere a basi paniculato ramoso, foliis 
inferioribus petiolatis caulinis sessiiibus oblongo-omtis obtusis 
vel acutis crenatis subtus minute porosis, pedicellis filiformibus 
1-4 bractea triangulari-lanceolata 2-4 longioribus, ealyce hirto 
in lacinias lanceolatas tubo triplo longiores partito, corolla flava 
extus glandnloBO-hirta, filamentis. - . capsula ovata calyce loiigiore» 

Suh, prope Hadjin in Tauro j floret Maio. 
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Eeadily distinguished from G. heterophylla by indumentum and 
entire leaves, with minutely porous lower surface. 

Plant 3 feet high ; panicle 2 feet long and 1 broad ; leaves 
2-3 inches long, 1-lJ broad ; flowers 8-9 lines broad. 

ScEOPHTJBARTA aiLEABEKSE. Perennis, basi friiticosa glabra 
vel snperne glandulosa, eaulibus striatis angulatis flexuosis vir- 
gatis snperne paniculatis, foliis ambitu obloagis bipiniiatisectis 
segmentis oblongis integris, eymis 3-8-floris pednnculis crassis 
snlfultis, pedicellis calyce et braeteolis subulatis ajquilongis vel 
longioribus, calyeis laciniis orbiculatis margine late scariosis, 
corolla iurido-purpurea magna oblongo-globosa calyce quadruplo 
longiore sesqiiilatiore, appendiee ovata i-2-dentata. 

JB.ah. in dumosis inter Suf et ’Ajlun, ditionis Giilead. 

Eeadily distinguished from the other plants of Sect. IV. Tomio^ 
§ 2. SparsifoUa^ hy the large inflated corolla, 3 lines 
long, 2 1 broad. 

Plant li foot high; leaves 1-1| inch long, 3-4 lines broad, 
segments li-3 lines long. 

XVI. LABIATE. 

Thyaxifs sybiacits, Eom., var. tbachoniticbs. Caules humiles 
suffruticosi tortuosi, capitulae pauciflorse, bractei anguste ovato- 
oblongi, flores parvas occultanti. 

Sah, in fissuris lavas prope Braq, ditionis Trachonitis (vulgo 
el-Leja) ; floret Maio. 

Sabtia pbepubascens. Perennis, caule glabro superne pur- 
purascenti elato simplici, foliis petiolatis imparipinnatis 1-jugis 
petiolis sparse infra et ad iiiargines pilosis, foliolis supra 
glabris infra sparsissime papillosis ovatis crenatis vel obtuse 
dentatis teminal© cseteris 2|plo longiore et latiore basi cordato 
inferioribus obtusis superioribus acutis, verticillastris 4-3-floris 
distantibus racemosis, foliis floralibus ovato-lanceolatis acumi- 
oatis calyce sequantibus vel superantibus glabris margine ciiiatis, 
pedicellis calyce subdupio brevioribus, calycis parce papillosi ad 
quartam partem bilabiati dentibua anguste triaiigularibus acumi- 
natis siibpungentibus, corolla cserulescenti calyce vix sesqiiilon- 
giore. 

Mah. inter Marash et Adana ; floret Maio. 

Nearest to rubifoUa^ Boiss., but distinguished from it by 
glabrescence, purplish colour, large bracts, larger flowers, and 
more exserted corolla. 

Plant 2 feet high, bracts 5-9' lines long. 
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Kepeta peachojS'itica. Perennis, puberula canescenSj cau- 
libus elatis infenie parce ramosis quadraiigulatis valde costatis 
canaliculatiB, foliis inferioribus longe petiolatis cordato-ovatiis 
obtuse et grosse serratis, superioribus breyiter petiolatis subsessi- 
libus oblongo-ovatis acute et grosse serratis, spica densa oblonga 
basi yix interrupta, bracteis tomeotosis liiieari-subulatis caljce 
dimidio brevioribus, calj^cis rubelli-viridis dentibus tube oblongo 
basi attenuato duplo brevioribns basi latiore subulatis piingeu- 
tibus, corollse rose^e tomentosse tubo gracili recto calj^ce pariiin 
loiigiore, nuculis vaide tubereulatis. 

Jfb5. inter ruiiias Sliubbab ditionis Trachoiiitis (vulgo el-Leja), 

Near^^. hetoniccefolia,, C. A, Mej., but distinguished from it by 
indument, larger and more compact heads, and coarsely serrate 
not creiiate leaves. 

Plant 2-3 feet high ; leaves l|-~2 inches long, 10-15 lines 
broad ; heads 12-2 inches long, an inch broad ; calyx 7 lines long. 

N. Shepabdi. Perennis, adpressissime velutina cana basi 
suffruticens, caulibus numerosis siinplieibus vei basi ramosis 
rigidis, foiiis parvis breviter petiolatis triangulari-ovatis obtusis 
iutegris floralibus valde diminutis, cymiilis oppositis breviter 
pediinculatis distantibus, calyeis cinerei ore recto dentibus 
breviter ovatis apice abrupte calloso tubo triplo brevioribus, 
corollsB pallida3 dense tomentelliB tubo caljce subduplo longiore, 
kbio inferiore purpureo maculato, nuculis .... 

Sal, prope Aintab. 

Differs from S, marifolia in indumentum, in smaller size of ovate 
entire, not oblong crenate leaves, in much smaller flowers, greyish 
calyx with short obtuse teeth. 

Plant 1 foot high ; leaves 5-2 lines long ; calyx 2 lines long. 

SiDEBiTis MOOTABA, Linn., var. XAOTHosTEaiA. Ad caules 
patiile ad verticillastra dense villosa nec non lanata, calyeis 
flavidi valde venosi dentes aristati, bractea^ flavescentes, racemi 
tnrione foliorura flavorum terminati. 

Sal, prope Anrnsia, Asiaj Minoris. 

Stachys libaxotica, Benth., var. eeiooaltgina. Calyx albo- 
lanatns, dentes eis typi basi angustiores. 

Sal, ad viam inter Suedali et ’Atil ditionis Hauran. 

Phlomis peuticosa, X., var. leiostegia. Perennis. Indii” 
mentum eo tyxh strigosius, bractea? glabrescentes parce stellato- 

LES-K. JOEEK. — BOTANY, TOL. XXIV. 2 N 
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strigulosse peniiiiiervege abrupte in miicrones longos attenuate^ 
calyx parce strigosns dentes eis tjpi longiores. 

Mah. in vallibus calidis inter Ma’in et Callirrlioe ditioiiis Moal). 

Teuceiijm ArEA2r[Ticu3x. Perenne, dmnosiim, crispe papii- 
loso-puberuliim superne eanescens, caudice ligiieo, ramis nnme- 
Tosis flexuosis rigidis ' fere a basi paniculatim ramosis, foliis 
pallide viridibiis bre^iter petiolatis ovato-oWongis obtiisis obsolete 
deutatis, fioralibns oblongo-lenticulis integris valde diminiitis 
flores siiperantibiis, cymis longe pednnculatis cjmulis pedicellatis 
2-3-fioribiis bracteis linearibns birtis, calycis minuti liirti fruetiferi 
Talde accreti dentibus breviter triangularibus obtusis, corolla 
alba birta ealvce snbduplo longiore, staminibiis inclnsis. 

Mah. in agris ditionis Auranitis (vulgo Hauran) ; floret Maio. 

Eeadily distiuguisbed by puberulent indumentum, few-flowered 
proliferous cymes of small sessile flowers, in pedicelled cymules. 

XYIL PLAXTAGIXACE^E. 

Plaktauo OTATA, Wovsk., Yt\T. i/Ais'ATA. Folia aiigiistissimaj 
axis dense lanuginosa. 

Sah. in agro ditionis Auranitis (yulgo Hauran) inter Irbid et 
Bosrab; floret Maio. 

XVIII. LILIACEJE. 

BEiiLETALiA cixiATA, Tar. PAXiCTriiATA. Elata plus 

minusve paniculata 2-S-pedalis, pedunculi 5-6 polliees longi, 
folioriim margines non ciliati. 

Mai), prox^e a Hiisn Suleiman, montibus Xusairiyab, Syzise 
borealis. 


XIX. ASPAEAGEHl. 

Aspaeagus Lowoti, Baker, Tar. caxcaeatijs. Folia basi 
eakarata. 

Mah» ad pontem noTum Jordanis. 

XX. GEAMIXEiE. 

Alopecueus iktoleceatus. Perennis, radice pr®inorsa fibres 
edente, cnlmis genicnlatis decumbentibiis seabrinscnlis, foliis 
linearibns minute scabridulis vaginis inferioribns cjlindricis 
snperioribns iitricnlosodnflatis, peduncnlo claTato superne in 
inTolncniin glabrnm scariosiim cyatbiforme parailele neryosuiii 
panicula oyata yel oblonga triple breyins explanato, ramis 1- 
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spiciilatis, glumis seariosis fere ad medium connatis ad carinas 
eximie et secus nerves minute ciliatis oblongis mucronatis, gln- 
niella glumis breviore obtusa fere ad basin aristata, arista glumis 
duple longiore. 

Mai. in liumidis inter Qureyab et El-Kufr ditiouis xluranitis 
(Haurau) ad basin Jebel-Quleb (Alsadami). 

A plant with aspect ef A. uti'iculatics, but iinmediatelj distiii- 
guisbable by its ■ inyolucre. The species is intermediate between 
Alopecunis and Ooj'nucopice. 

Culms 6 inches high ; panicles 6-9 lines longj 4-5 broad. 


On the Scars occurring on the Stem of Mammara rolusta^ C. 
Moore. Samuel G-. Shattock. (Communicated, wtli a 
Supplementary Note, by W. T. Thiseltok Dxee, C.M.G., 
M.A., E.E.S./<&c.) 

[Eead 3rd November, 18S7.] 

(Plate XYII.) 

Some time ago the stem of a specimen of JDammara rohitsta 
grown in the Eoyal Gardens, Kew, was placed in my hands by 
Mr. Thiselton Dyer, with the object of describing and figuring 
the scars which occur on the trunk of this conifer, partly on 
account of the intrinsic interest attaching to the disarticulation 
of branches generally, partly because similar scars may perhaps 
be found on fossil forms, and it is in some measure by a study of 
existing scars that the significance of those occurring in fossil 
or in extinct forms can be elucidated. 

Schimper in his work on fossil plants, ‘ Traite de pal4ontologie 
vegetale’ (vol. ii. p. 255), includes two forms of Dammar it es^ 
diagnosed, however, only by the cones ; these forms are met with 
only in the Cretaceous Epoch and after the complete disap- 
pearance of Lepidodendroid trees ; and he includes also, on the 
authority of Saporta*, Populus fremala, and species of Oak (which 
present similar branch-scars); these, diagnosed by leaf-remains, 
occur, however, at no more distant period than the Pliocene, 
when Dicotyledons are largely re|)resented. 

The importance of every mark among the scanty data usually 
forthcoming in determining the habit or class of fossil trees may 
serve as an apology, therefore, for the present notice of Dammara 
robusta. 

* ‘ He monde des Plantes avant rapparition de rhomme.’ 1879. 

2k2 
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The foliage In Dammam rohisfa is confined to the neiglibour- 
fiood of the summit of the ereetj undivided stem. The branches 
are given oif in pseudo-whorls of five, with a slight upward 
obliquity or at a right angle, and they are usually confined in 
old individuals to the upper part of the tree. The branches are 
shed in succession from below during the ujiward growth of the 
tree, and the resulting scars persist on the stem, even to its 
lowest part. 

The general surface of the stem bears the sparsely scattered 
scars of fallen leaves, and the younger portions of the stem are 
strewn with lenticels. • 

The scars, both branch and leaf, follow the general law" of 
scar-growth ; that is, they grow commensurately with the part 
on which they are seated. 

The formation of the branch-scars in Dammara, as in the few 
other trees in which the branches are articulate, is altogether 
different from the scarring that occurs under ordinary conditions 
after the removal of a woody branch. 

Amongst the few" trees which permit of branch-disarticulation 
may be mentioned, among Angiosperms, Fopulm tremula, some 
kinds of Willow, Querciis Bolur^ Aniiaris ioxicaria, ^Qastilloa 
elasfiea ; among Gymnosperras, an articulate disposition obtains 
in Gnetacese; and in Tawocliiim disficlimn the axes that bear 
leaves are deciduous (Sachs, Textbook, 2ud Engl. ed. p. 511). 

But in the vast majority of trees no provision for the disarticu- 
lation of branches exists. In very young branches, dying inter- 
nodes may be cleanly detached; but this occurs only before the 
permanent tissue of the wood is formed, and is effected by trans- 
verse subdivision of the elements of the whole of the ground 
tissue and proeamhinm across the zone of demarcation, the middle 
cells of the zone becoming suberous. This process may readily 
he observed if a young branch of the Lime, for example, be divided 
through the distal end of an internode ; under these circumstances 
the -whole of the internode is subsequently cleanly shed, sometimes 
after having undergone very little outward change; the process 
that ensues is strictly like that which accompanies the disarticu- 
lation of a leaf. 

With such an exception, the dead wood of a dead branch 
retains its connection with that of the parent stem until it is 

* See Kote on the Disarticulation of Branches, by E. Irwin Lynch; Journ. 
Linn. Soe. vol. xvi. pp. 180-183. 
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rendered so brittle and friable by decay, by tbe tbiiiniiig and 
partial removal of tbe woody prosencbyma, that fractare ensues 
by its own weight, or from the first slight violence that befalls 
it. Long before this occurs, the cortical parenchyma of the dead 
part is completely demarcated from that of the living ; this is 
effected by transverse division of the parenchymatous cells and 
the formation of an intervening plane of cork. In this process, 
also, the cambium readily participates, its cells undergoing trans- 
verse subdivision to produce phellogen and cork, — it plays the 
part of a cork cambium under the altered relations of the parts, 
as'^readily as it before served for the production of wood and 
bast. After the complete detachment of the dead part, a ring of 
cork-covered callus advances from the cambium over tbe fractured 
surface of the dead wood, and ultimately covers it completely in, 
though the new tissue, which becomes differentiated into wood 
and an external cortical system, contracts no adhesion with the 
dead surface. 

This short account may suffice to -contrast these cases with 
those in which branches are detached by disarticulation. !No 
structural provision exists in the one case whereby a dead part 
may he detached ; the provision which allows of disarticulation 
in the other ease differs slightly in different examples. 

In Dmnmara rohusta a longitudinal section (PL XVII. figs. 1, 
2) displays at once the means by which this ready separation or 
disarticulation is allowed. The base of the branch presents a 
marked enlargement, clue almost solely to an increase of the cor- 
tical parenchyma ; this excess serves to supplement the wood, in 
this situation, in supporting the brancli ; the cortical parenchyma 
generally and the medulla as well contain a considerable proportion 
of branching sclereneliymatous idioblasts. As regards the wood, 
the section displays an extreme thinning of this in the base of 
the branch ; that is to say, where the wood of the branch is 
continued into that of the stem. 

This dis prop oi^tionate tenuity of the wood is demonstrable also 
in transverse sections, by means of which it appears that, associated 
with the retardation of woody growth in this situation, the 
primitive condition, in which the fibro-vasenlar bundles are dis- 
sociated, is scarcely passed. This primitive disposition of the 
wood at the base of the branch and the associated undue propor- 
tion of parenchyma is especially well seen at the branch-junctions 
in Famulus tremula^ where on stripping off the cortex, after 
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drjiiig,aserieg of deep longitudinal clefts is disclosed in the area 
through which disarticulation takes place. 

In Bamnara rolusta it is iu this weakened zone that the plane 
of disarticulation lies. The process resembles in its details that 
bj which deciduous leaves or other caducous organs are sliech 
If the base of the shed branch be examined bj means of longi- 
tudinal sections, it will be seen that the cortical parenchyma is 
bounded at the detached surface by muriform sclerenchymatous 
cells in two or more rows, and on these are the remains of cork- 
cells ; the same is seen in the largely proportioned medulla, where 
there is a more distinct phellogen beneath the selerenchyriiia ; 
the bast parenchyma and cells of the medullary rays present 
similar changes. 

Longitudinal sections of the young scar on the stem show the 
cicatrix to he constituted by flattened cells of cork set iu parallel 
tiers and a subjacent phellogen of similar form ; the fractured 
wood will he found covered in, in like manner, with cork and 
phellogen. 

In the older scars sclerenchyma may he found alternating 
with layers of cork : the sclerenchymatons cells are muriform 
like those of the cork amongst which they lie, and they are 
clearly produced periodically from the subjacent phellogen, their 
original connection with which is subsequently lost by a fresh 
formation of cork beneath them. 

From these appearances it may he gathered that the process 
of disarticulation is like that by which a leaf or other organ is 
shed ; that is, the parenchymatous cells across the whole zone of 
articulation multiply by transverse division, a layer of cork 
resulting from the formation of this secondary meristem, and 
through the distal limits of this the solution of continuity occurs ; 
after this the slender connecting bond of wood is broken across 
by the weight of tlie branch or the first trivial violence, this 
completion of the process being aided, perhaps, by the tension 
made upon the wood in consequence of the cell-division of the 
surrounding parenchyma which occurs across its axis. It thus 
happens that the whole of the parenchymatous system of the 
stem, is closed by cork before the branch is actually shed. 

The purpose served by such a systematic disarticulation is 
difficult to perceive. I have elsewhere suggested that in all such 
eases the process represents, or is an evolutionary relic of, a 
•bygone means of asexual propagation. Certainly, in the case 
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of tlie articulate steins of Crassula arhoresceyis^ tlie separation of 
parts is at times followed bj root-formation from the pieces so 
shed and their subsequent growth ; and it is possible, even, that 
the ordinary fall of leaves has a similar evolutionary history. 

In Cotyledon Sooherii I have often seen the fallen leaves serve 
as adventitious organs of propagation ; and the same is true of 
Bryo'pTiyllum^ whilst the striking of detached OrongQ mid Begonia 
leaves is a well-known phenomenon. Mr. Thiselton Dyer tells 
me that tlie branches torn oif by the wind or by accident from 
the arboreal Aloe of Caffraria {A. Barherd) are said to take root. 

The branch-scar, when examined immediately after disarticu- 
lation, is ovoidal, concave, and has a finely granular surface ; the 
narrow circular zone of the fractured wood projects slightly at 
the bottom of the cicatricial fossa, and in the cortical parenchyma 
are embedded tbe ruptured ends of the bast-fibres. 

In the subsequent history of the scar, as traceable by dissection^, 
the fractured surface of the wood becomes covered over and 
closed in by a thin extension of the surrounding pareuchyma, a 
low oval or horseshoe-shaped ridge remaining on the cicatricial 
surface to mark the situation of the closely subjacent fractured 
wood. At the same time the surface of the scar becomes smooth 
and shining from the further growth of its iuvesting corky layer ; 
and this may, in process of time, 'fissure like that which covers 
the general surface. The remains of the wood and bast-fibres 
passing through the parenchymatous system of the scar perma- 
nently retain their position in and connection with the superficial 
parts of the scar. 

ISTo further growth, however, of this wood and bast in the mid- 
substance of the ground-tissue of tlie scar occurs ; and the addi- 
tion of wood to the general surface of the stem has tlie remark- 
able effect of rupturing or dissociating this wood in the scar 
from the wood of the stem with which it was originally related. 
In the history of a leaf-scar the same thing happens ; that is to 
say, on the accession of general growth, the remains of the closed 
bundles of the petiole, in what has now become, by the separation 
of the leaf, a part of the general cortex, retain theii* coniiectian, 
the more superficial parts with the tissue of the scar, the deeper 
with the central wood and medullary sheath, with which they are 

* I have presented a series of preparations illustrating this history to the 
Museum of the Koyal Grardens, Kew. 
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primarily related : tlie bundles are ruptured by tbe tension of 
tlie general cambiuin-growtb ; and in microscopical sections tbe 
two portions are easily recognizable in these two situations, 
beneath the cork of the scar, and buried in the deepest part of 
the wood ; and this is true however widely separated the two 
portions may be by the annual additions of woud to the general 
surface of the branch In tbe leaf-scar still another rupture of 
the fibre- vascular bundles is to he observed ; the addition to the 
deeper part of the cork of the scar efects a rupture of the bundles 
in this situation j and remains of these are to he detected in the 
boss of cork which marks their situation in tbe scar separatedrby 
the deeper and subsequently formed la3"ers of cork from the ends 
of the bundles in the subjacent ground-tissue. 

Each yearly addition of wood to the stem in the case of 
the branch-scars of Dammara serves to increase by so much 
further the interval between the woody I'eHcs of the shed branch 
ill the parenchyma of the scar and the central medulla. In 
longitudinal sections, however, the point of origin of the shed 
branch from the deepest part of the wnod remains easily dis- 
cernible, however great the additions made to the general surface 
of tbe wood may have been. In tbe later history of the sear, 
wood is formed in the central parenchyma ; that is, in w’’hat before 
disarticnlation was continuous with the medulla of the branch. 
This doubtless occurs, as in similar cases, by the formation of 
secondary wood-forming meristem from the indifferent parenchyma 
or ground-tissue. A complete screen of wood is before long 
formed. This increases in thickness commerisurately wdth the 
stem, although the w’ood produced from the medullary parenchyma 
of the scar is not in the arrangement of its elements uniform 
with that around, but forms an almost distinct system. In lon- 
gitudinal sections of old scars this wood appears as a cylindrical 
process or core, connected, it may be, but little with the general 
wood around, the cells and vessels of which arch round on 
either of its sides. On removing the cortex from a scar of old 
date, a deep central fossa is exposed, the bottom of wdiich corre- 
sponds with this wmody core. The depression in the wood is 
filled in by a corresponding process of cortical parenchyma and 

The bast'fibres passing to the scar, however, are not involved in the rup- 
ture, since the general bast is displaced outwards equallj^with that of the scar 
in the subsequent process of growth. 
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bast-fibres, the latter forming a tortuous com^olex heap apper- 
taining to the woodj system of the core, and, like it, arranged 
independently of the general phloem. The cambium elements of 
the scar, therefore, it is clear, are not arranged in conformity 
with those of the rest of the stem. The cicatrix resulting from 
the common detachment of a dead branch in an exogenous tree 
and that resulting from disarticulation are readily distinguishable. 
In the first case healing is effected by a growth of callus from the 
surrounding cambium which extends over the fractured surface 
of the wood ; in the callus are di:fierentiated a superficial cortical 
s^'stem and a deep system of modified wood. The most central 
part of the scar in such cases presents an external eminence 
which marks the central meeting and coalescence of the circular 
cicatricial growth from the margin. 

After branch-disarticulation or cladoptosis (Berkeley), the 
surface heals throughout simultaneously, or, more truly, it is 
healed before the branch is actually shed ; and the scar in this 
case, in place of being centrally convex, is concave throughout. 

Bo the branch-scars in Dammara^ Aspen, Oak, &c. throw any 
light on the scars occurring in Ulodendron^ the nature of which 
has been the subject of so much discussion ? I am afraid not. 
Indeed, when it is considered how difierent is the histology of 
the extinct Lycopods from that of any existing trees, it is almost 
hopeless to expect to find any existing scars identical with those 
of Tllodendron. 

In Ulodendron the scar, as Carruthers remarks, is always in 
the form of an inverted cone, generally, however, fiattened 
from the enormous pressure, and more or less oval ; the base or 
centre of the pit is difierent in different species, double horse- 
shoe-shaped, half-oval, or circular*, the figure is formed by a 
number of small pits representing the number and position of the 
vascular cords which supplied the supported organ ; the remainder 
of the scar is covered with single pits or radiating furrow’s 
arranged in symmetrical order around the base of tlie scar, the 
pits being confined to the lower half of the scar, the furrows to 
the upper half. In Dmnmara the scar presents a central fossa, of 
different depth in different scars, and this is bounded by a low 
oval or horseshoe-shaped ridge which -marks the situation of 
the fractured wood, beyond which is a lowly convex ring, corre- 
sponding with the cortical parenchyma of the shed branch. 

That the appendicular organs, whatever they were (and every 
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conceiYaWe supposition as to their nature lias been made), were ca- 
ducous appears certain from the fact that the scars are in all cases 
completely formed, and no remnants of the separated organ per- 
sist in connection with them. And it may be assumed that the 
disarticulation proceeded from below upwards j the great size of 
the scars points to this. Eor it is a fact of some importance, 
and which I haTe not found noticed, that the size of the scars by 
no means necessarily represents tbe actual area of the separated 
surface of the disarticulated organ, since the scars, as in other 
exogenously growing trees, must have grown commensnrately 
with the part on which they were seated. This may be readily 
observed in the case of ordinary leaf-scars. In J^sculus Sippo- 
casta num, for example, the leaf-scars come in the older branches 
to exceed beyond all bounds their original size ; tbe seven corky 
points, indicating the position of the subjacent ruptured fibro- 
vascular bundles, retain their relative, hut not their original, 
distances from one another and from the margin of the scar. 

The pits and furrows on the scars of JJIodendron^ as was shown 
by Pres! and G-oppert, are the ends of fibro-vascular bundles ; 
and these authors regarded the scars as those of branches. This 
is also the view taken by Eenault (‘ Cours de Botanique fossile,’ 
1880), who, however, places as an alternative that the scars may 
he those of the fructification, the strobiles or lepidostrobi. 

Carruthers’s view that the sears result from the separation of 
aerial roots* (or, as now regarded, rhizopliores) is based on the 
fact that in one instance described by him the scars have a down- 
ward inclination, as proved by the opposite direction of the 
remains of the leaves. 

Among living forms of plants the scars of aerial roots are by no 
means easy to find. 

I have examined Fhiladendrom, Vanilla^ and different OrcM- 
dacesB, but in none have I ever seen a perfecily formed scar ; the 
roots that die are not shed, but, with the greatest tenacity, 
remain connected with the rest of the plant. The central fibro- 
vascular system of tbe dead root projects from the centre of the 
scar after all the surrounding parenchyma has been removed by 
decay, and the surface subjacent to the latter has been smoothly 
healed by eoi'k -formation. 

In FMlodendron the cortical parenchyma of the roots gene- 
rally heals by layers of tabular cork-cells produced by a sub- 
jacent phellogen, which is formed by subdivision of the cells 
^ Monthly Microscopical Journal, March 1, 1870, p, 150. 
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of tlie ground-tissue : tliis may be observed if tbe ends of roots 
be cut off, in wbicb case an offset grows from the side above 
the divided healing surface. Eut in addition to this there is 
produced, after a while, a regular zone of sclerenchyma as an 
adjunct in the repair. 

The sclerenchyma is of more or less flattened muriform pells, 
which sometimes are many layers deep, formed from the phellogen 
beneath the earlier cork-formation ; and as cork is again produced 
from the phellogen beneath the sclerenchyma, the latter comes at 
length to lie in the midst of the corky covering of the cicatrized 
surface. Snch sclerenchyma I have observed also to be formed 
from the reparative phellogen in many Cactacecs^ Cereus, Ojpicntia, 
&c . ; and it may be found also in the cork that repairs the old 
leaf- scars in Aucuha. 

The fact is of a little present interest, since Carruthers de- 
scribes the rhomhoidai leaf-scars in the fossil form 
sdaginoides as showing that healing had occurred by the pro- 
duction of a “ layer of small thickened cells and in the older 
scars of Damimara, as before described, flattened sclerenchyma is 
found in the substance of tbe cork. 

[Note. — T he author has perhaps scarcely laid sufficient stress 
on the distinctive characters of the structures which in many 
species of Selaginella give origin to the roots, and which Nageli 
named Ehizopliores. These “ arise very near the punctmiv vege- 
iationis, probably at the same time as the branches ; unlike the 
roots, they are exogenous structures which, when young, possess 
a distinct apical cell.” Prom these rhizophores the first rudi- 
ments of the true roots originate, which, however, do not break 
through until the rhizoplioro has attained such a length by inter- 
calary growth, that its smaller end penetrates into tbe ground. 
Tbe rhizophores, as Pfeffer has shown (in^, Mm'fensii, inddgimli- 
folia, and Idmgatai), are often transformed into true leafy shoots, 
which at first show some deviations from the normal structure in 
their leaves, but afterwards continue to grow as normal shoots, 
and even produce sporangiferous spikes.” (Sachs, ‘ Textbook,’ 
2nd Engl. ed. pp. 477, 478.) 

The author remarks that though the number of cases in which 
branches suffer disarticulation in the manner of leaves is now’" 
somewhat numerous, it is difficult to find parallels in the case of 

^ Monthly Microscopical Journal, Oct. 1, 1869, p. 181. 
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aerial roots. It occurs to me that this maj be connected witli 
tbe fact that the mode of origin of the firmer is exogenous, that 
of the latter endogenous. Ehizophores, however, in this respect 
resemble branches. While it appears to me as incontestable that 
the sears of Ulodendron were due to the disarticulation of axial 
organs of some kind, there is nothing, I think, improbable in 
the suggestion that they may have belonged to rhizophores ; and 
the view is, at any rate, one which is worth consideration. — W. T. 
Thiseltos" Dyee.] 

DESCRIPTION OE PLATE XYIl. 

Anatomy of Leaf-scars. 

Figs. 1, 2. Section of Bammara rohusfa, at the junction of branch and stem. 
Figs. 5, 6. The same. 

Fig. 7. Exterior view of scar of Bammara, from which, a branch has fallen. 

Fig. 3, Leaf-articulation of Horse-Chestnut {JEscidiis Hippocastanicin) showing 
course of hbro-vaseular bundle. 

Fig. 4. Old leaf-scar in same, showing rupture of the dbro-Tascular bundle by 
the cambial growth of the wood. 


A Description of three new Marine Algae. 

By Edwaei) a. L. Battees, B.A., LL.B., F.L.S. 

[Read 15th March, ISSS!] 

(Plate XVIII.) 

Ectocaepes IIolmesii. (Plate XYIII. figs. 7'-lG,) 

A7. coespitosus, thallo h-1 cm. alto, fills parce rainosis, implexis, 
ramiilis hrevissiinis secundis ciirvulis, sub angulo recto vel fere 
recto egredientib us, articulisl|-2 diametro loDgioribus,sporaiigiis 
subsessilibus Tel plus minusve pedicellatis, latere ramoruin 
secundis, unilocularibus, spbsericis vel ovatis, circiter 62 p Ibngis, 
4S p crassis, multilocularibus, ovato-conicis, 230 p. longis^ 44 p 
crassis. 

Hal). Torquay, Minebead, Berwick-on-Tweed. 

A small species seldooi more than a quarter of an inch in 
height. It covers the rocks for a considerable distance with a 
soft brown turf, the patches often being four or five feet in 
diameter. The filaments are so short that it is almost impossible 
to detach them from the rock without the aid of a knife or 
similar instrument. At Minehead it grows on woodwork ; hut 
Mr. Holmes tells me he found it growing on ledges of rock, in 
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tlie sliade at Torquay, near high-water mark ; and at Berwick I 
found it growing on the walls of caves and. the perpendicular 
sides of rocks and stones, also near high-water mark. 

In the summer of 1884 my friend Mr. E. M. Holmes called 
my attention to this curious little alga, which, having received 
similar specimens from Minehead under the name of Ecfocar^yus 
erinitus, Carm., he had supposed to be Harvey’s plant, not 
having then seen authentic specimens. I was doubtful about the 
plant being identical with Harvey’s ; but until I had examined 
authentic specimens of JEcfoearpiis crimtiis, I could form no 
acjeurate judgment as to whether it were so or not. Lately, 
however, by means of a series of the plant collected at Torquay 
by Mr. Holmes, and of other specimens, including an authentic 
one of JEctoccirpus crinitus^ which he has since put at my 
disposal, I have ascertained that my doubts were well founded. 

M. crinitiis^ although agreeing fairly well with my JEJ. SEolmesii 
in ramification, is in every respect a larger and coarser plant, its 
filaments are nearly twice as thick, its articulations are longer, 
and its habit and colour quite different. JE. Hohnesii seldom 
attains a greater length than a quarter of an inch, and is almost 
always found in fruit, whereas JE, crmitus is often many inches 
long, and all the British specimens I have seen are barren. 
Hr. F. Hauck, however, has sent me specimens from Trieste 
under the name of JE, crinitus which are 'well-fruited. 

As the plant was unknown to all the Continental algologists to 
whom I sent it, and as it appears equally unknown in America, 
I have ventured to describe it as new, and have dedicated the 
species to Mr. Holmes, whose untiring industry in the investiga- 
tion of the marine flora of our islands, and the many valuable 
additions he has made to our knowledge of British marine algse, 
are knowm to all algologists. 

Bhyllitis eilieokmis. (Plate XVIII. figs. 1-6.) 

P. tbailo circiter 1-2 cm. alto, angustissimo iineari vel fili- 
formi, e radice fibrata egrediente, olivacea, mtate flavescente, 
sporangiis multilocularihns, circiter 37 ju longis, 7 p crassis. 

Sporangia hahet P. Fascice, frondes vero miiito angustiores et 
radices fibratas. 

Sab. Berwick-on-Tweed. 

This little plant grows at high-water mark in company with 
IJlothrisG flacca, Oalothrix Bcopulorum, and other high-water 
species. When young the fronds are olive-brown, but in age 
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they turn yellowish, and thou the plant looks more like an 
Mctocarptis than a FJtifUifds. Tlio fructification is produced on 
fronds scarcely thicker than a hog’s bristle. In struciure and 
fructification this plant agrees with Pliyllitk Fascia, from which 
it can at all times be distinguished by its small size and fibrous 
root. It seems to be a winter annual, making its appearance 
about the middle of December, and having quite disappeared 
by the end of February. 

Ealitsta spokgiocaepa. (Plate XVIII. figs. 17--2L) 

F, iiigrescenti-olivacea, tenuis, Imvis, tot a p agin a inferioxc 
lapidibus adnata, filis erectis simplicibus (vcl parco dichotomis) 
articulatis, articiilis diametro brevioribus, paranematibus 

snbcylindraceis, vel superiore parte paulatim attenuatis, sporangiis 
unilocularibns, ovatis, sessilibus vcl plus minusve pediceilatis, 
48-52 fjL longis, 28 p crassis. 

Hah. Berwick-on-Tweed. 

An interesting plant growing on the flat slaty bottoms of tide- 
pools half filled with sand at Berwick. To the naked eye it 
closely resembles Balfsia ela-data, Crouan, but the frond is thinner^ 
and the fructification much more conspicuous, the difierence in 
colour between the fruited and unfruited portions of the frond 
being very apparent. The fronds are from a quarter of an inch 
to an inch in diameter, very thin, and w^hen barren perfectly 
smooth and glossy, circular at first, then, from several becoming 
confluent, more or less lobed or irregular. The sori, at first 
confined to a narrow ring near the margin of the frond, gradually 
spread invrards until they cover the entire central portion of the 
frond, giving to it a peculiarly spongy or velvety appearance 
under a lens, a characteristic which suggested the specific name. 
The fruited portion of the frond soon becomes detached from the 
stone, and is washed away, leaving only the marginal portion of 
the plant. As this alga fruits in winter, only the very small 
nnfruited portions of the plant are to be found in summer ; this, 
coupled with the fact that the pools in which it grows are often 
quite filled with sand, may account for tlie plant having been so 
long overlooked. 

From Balfsia clamia it differs in the shape of the paraphyses, 
which are always cylindrical or slightly tapering to the apex, 
never clavate as in that species. The vertical filaments, which 
sometimes appear to be slightly branched, gradually pass into 
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the parapliysea, and tlicre is never any clearly marked line of 
separation between them as in JK. clamta, "When fresli the sori 
of both species are fleshy, and slightly raised above the surface of 
the frond, but when allowed to dry they shrink considerably 
more than the rest of the plant, which causes them to crack all 
over ; but as both species, so far as I have observed, grow under 
water, this can very seldom happen naturally. I am indebted to 
Prof. Parlow, of Harvard College, for American specimens of 
B. clavaia, and also for valuable notes on the affinity of the 
species. 

« Even the genus to which this interesting alga belongs appears 
doubtful. Hr. Hornet and Prof. Agardh consider it a true 
Balfiia, but, on the other hand, Dr. Kjellnian thinks it is more 
nearly related to JLitJwderma or Btragularia, and Dr. Hauck 
'would place it and Myrionema Henschii in a new genus. 

The sporangia are usually attached at the base of the para- 
physos, but not unfrequeutly they appear to be terminal on the 
vertical fllaments (see Pi. XVII. fig. 21), as in Biilioderma^ calling 
to mind the passage in Areschoug’s description of that genus, 
where he says : ‘‘Utraque fructificatio, in diversis plantis, filzsquo 
verticalibus quorum celluloe apicales longe sunt productaB, cir- 
cumdata.” It thus forms a link between the Balfsiacem and 
liithodermmem. 


EXPLANATION OP PLATE XVIII. 

PhylUtis Jiliformis, ligs. 1~6. 

Pig. 1. Plant, natural size. Figs. 2,3. Boots, X 300. Pig. 4. Portion of frond 
with plurilocular sporangia, X 300. Pig. 5. Section of frond, X 
300, l^ig, 6. Tho same, x 000. 

Eotocarpm Bohnesii^ tigs. 

Pig. 7. Plant, natural size. Pig. 8. Tho saino, from Minelioad, X 150. 
Pigs. Sizociinons of plurilocular sporangia, x (»00. P'igs. 13- 
15. Unilocular sporangia, X 000. Pig, 10. Distorted coll, X 000. 

Balfda Bpongioecirpa^ figs. 17“21. 

Figs, 17, 18. Plant, natural size, in situ. Pig. 19. Sporangium and paraphysis, 
X 000. Pig. 20. Branching Tcrtical filament, X 000. Pig. 21, 
Terminal sporangium, X 600. 

Eal/sla clavata, Orouan, fig. 22. 

Pig. 22. Sporangium and paraphysis, X 600 ; for comparison with tho foregoing. 
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On the Flora of Water-Meadows, with ISTotes on the Species. 
Bj W. Fb,eam, B.Sc., LL.D., F.L.S., F.G.S., P,rofeBSor of 
Natural History, College of Agriculture, Downton, Sails- 
bury. 

[Eoad 10th April, 1888.] 

WATEE-MEitEOWs are a conspicuous feature in the rural economy 
of the W est of England. They are usually adjacent to the banks 
of rivers, and they are irrigated with river- water period ically. 
But though they are frequently submerged, the water in contact 
with them is running-water and well aerated, so that the her- 
bage is ill many respects different from that associated with 
stagnant water. The regular flooding ” or drowning ” of the 
meadows renders them, to a great extent, independent of the 
season, so far as rainfall is concerned ; and when all the circum- 
stances connected with water-meadows are taken into account, it 
is seen that the herbage they carry grows under conditions which, 
for uniformity, are seldom equalled. They therefore offer a 
favourable means for the study of meadow-herbage grown under 
long-continued uniformity of conditions, and it was this circum- 
stance that, in the first place, led me to take up the subject. The 
particular water-meadows I have had under observation for some 
years are on the western bank of the Hampshire Avon, at North 
Charford, in South Hants, hut close to the border of Soutli 
"Wilts, about eight miles due south of Salisbury, about four miles 
from the Dorset border, and on the north-western confines of 
the New Forest. The soil is a clayey loam (alluvium), with 
flints, resting on the Dpper Chalk. 

Following the method adopted by Dawes, Gilbert, and 
Masters it will bo convenient to arrange the flowering |;)lants 
under the three heads of Graniinem, Legummos», and Miscel- 
laneous Species or weeds. The following are the species of 
flowering-plants, 85 in number, which I have found upon these 
water-meadows. 

* “ Agricultural, Botanical, and Chemical Ecsults of Experiments on iJio 
Mixed Herbage of Permanent Meadow, conducted for more than twenty years 
in succession on the same Band. — Part II. The Botanical Besults.” By Sir J. 
B. Lawes, Bart., LL-B., E.E.S,, F.O.S., I. H. G-ilbert, Ph.D., E.E.a, E.C.S. 
P.L.S., and M. 1\ Masters, M-B., F.E.S., P.LB. Phil. Trans. Part IV. 
1882. 
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GEAMIMiE (26). 


Piialaris arundinacea, X. 
^Anthoxanthiim odoratuui, L. 
Alopecurus geniculatus, L. 

pratensis, L. 

•j^Phleuni pratense, L, 

Agrostis alba, L. 

^ vxilgaris, With^ 

«-Aira coBspitosa, L. (Deschampsia 
cajspitosa, JSeau y . ) . 
sfsiiolcus lauatus, L. 

Avona flavescens, L. (Trisetuna fla- 
vescens, Beam,), 

# elatior, L, (Arrhenatlieramave- 

naceum, Beauv,). 

Bhragmites communis, Tfin, 


*Oynosuirus cristatus, L. 
-H-Briza media, X. 

Poa annua, X. 

* fcrivialis, X. 

* pratensis, X. 

Glyceria aqiiatica, 8m. 

iiuitans, B. Br., et var. 

Festuca diiriusoula, X. 

elatior, X. 

* pratensis, Hiids. 

loliacea, Huds. 

Bromus racemosus, X. 

* mollis, X. 

Lolium perenne, X. 


" Medicago lupulina, X. 
Trifolium pratense, L. 

^ I’epens, X. 

^frLotus corniculatus, X. 


LEOxiMmosiE (7). 

*Lotus major, Sco;p. 
*Vicia Oracca, X. 
4fLathyrus x^ratensis, X. 


Miscellakeoxjs Species (52). 

EammculacccB, 

Tlialictriim flavum, X. I •J^Bauimouliis bulbosus, X. 

^(•Banunculus acris, X. 1 Oaltba palustris, X. 

Onioifcm. 

•jfOardamine pratensis, X. 


Oaryoj^JiyllaceeB. 

Lychnis Flos-cuouli, X. 1 *Oerastium triviale, Link, 

Linaceee. 

Limim catliartioum, X. 

Bosaem. 

nBpivmn, Ulmaria, X. 1 *Potenti]la reptans, X. 

Geum rivale, X. | Anserina, X. 

Lyiliraceoi. 

Lythrum Salioaria, X. 

Onagraccce. 

Epilobium hirsuium, X. I Epilobium teiragonum, X. 

-- — - parviflorum, Sahreb. ( 

TJinbclUfem. 

*Heracleura Spbondylium, X. 

B'uhiacece, 

Galium palustre, X. 

LIUN. JOUEN. — BOTAI^T, YOB. XXTV. 2 0 
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Vaknanacee. 

Valeriana dioica, L, | Valeriana officinalis,!^. 

Gom2)o&it(B. 

Bupatoriuni cannaMnnmj L. Oardima palusiris, L. 

^Beilis pereiiiiis, L. ^Leonfcodou liispidus, L. 

*Achillea Millefolium, L. # autumnalis, L, 

^tOhrysantUomum Leucanfcbiomiim, L, -^Taraxacum officinale, Web. 

Senecio aquaticus, Muds. 

FrimidacecG. 

Lysiniacliia Nummularia,!}. 

Boraghim, 

1 Myosotis palustris, With. * 

^crophulannece. 

Veronica Anagallis, L, 

Boccabuiiga, L. 

Labiates. 

I ^Prunella vulgaris, L, 

1 *Ajuga reptaiis, A. 

JPlantaginecB. 

Plantago major, L. 1 ^Plantago lanceolata, L. 

Foli/gomcece. 

Polygonum Persicaria, L. I Rumex aquaticus, L. 

i^Rumex crispus, L. j * Acetosa, L. 

Urtieaoeee. 

Urtiea dioica, L. 

Jimxwecs. 

J uncus glaucus, Ehrh. | J" uncus aciitiflorus, Ehrh. 

Cgj^^racm. 

Eleocliaris palusiris, It Mr. \ Oarox paludosa, Good. 

The foregoing lists may be usefully eomiiared with the corre- 
sponding lists girou by I .awes, G-ilbert, and Masters in the clas- 
sical investigation already referred to. Their observations were 
carried out upon grass-land, probably some centuries old, at 
Eotiiamsted Park, Hertfordshire; the land is described as a 
somewhat heavy loam, with a red clay subsoil resting upon 
chalk ; and though it is not artificially, it is thus naturally well 
drained. Although the plots of meadow-land at Eothamsted 
were subjected to twenty continuously different kinds of manuring, 
a comparison of the entire iora there with that at North Charf ord 


Syiupliytum officinale, L. 


Scrophularia aqiiaticu, L. 
^Veronica Chainoidrys, L. 
scutellata, L. 


^Thymus Setpyllum, L. 
Scutellaria galericulata, L. 
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sliould reveal some iiiteresting features concerning tlie nature of the 
herbage grown in dry and water-meadows respectively, and might 
serve to bring out more prominently the distinctive characters 
of the latter. To avoid repetition, I have marked with an asterisk 
(*) in the foregoing lists all the species which occur at Eotham- 
sted ; those not so distinguished are found only on the water- 
meadows. 

In the following lists, on the other hand, are enumerated those 
additional species which occur at Eothamsted, hut not on the 
water-meadows, a mark (t) being placed against those species 
which nevertheless are common in the immediate vicinity of 
the water-meadows. 

Q-BAMIFEiE (B). 

t Avena pubescens, Z. I tFestuca oviua, Z. 

tDacfcylis glomerata, Z. 1 

LeUUMINOSA3 (4). 

tTrifolium minus, Sm, | tOnonis arvensis, Z. 

t prooiimbons, Z. ] Ticia Sepium, Z. 

Miscelbakeous Species (35), 

Eammculacccs. 

tRanuncnlus ropens, Z. I ^tEanunoiilus Kcaria, Z. 

auricomus, Z. | 

Ccinjo^pJiyUaeecB. 

tStellaria graminea, Z. 1 fStellaria Holostea, Z. 

Hyperidnem, 

tHypericiim perforatum, Z. 

^ BosacecB. 

Potontilla Fragariasfcrum, Ehrh. I tAgrimonia Eupatoria, Z. 

Alchomilla vulgaris, Z. ( tEoteriiim Sanguisorba, Z. 

UmheUifem. 

Oonopoclium donudatura, Kod^, 1 'lAnthriscus sylvestris, Hoffm. 
Rmpinolla Saxifraga, Z. 1 tBaucus Oarota, Z. 

Euhiaceee, 

t Galium vorum, Z. | Galium Apariue, Z. 

Dipsacec^* 

tScabiosa arvensis, Z. 

Composites. 

i-Centaurea nigra, Z. tTragopogon pratensis, Z« 

tOarduus arvensis, Bobs. Sonchus oleraoeiis, Z. 

Sonecio erucifolius, Z. tHieraoium Pilosella, Z. 

Hypoohasria raclicata, Z. 


2 o 2 
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Primidacem ^ 

Primula veris, L. 

ScrophularinccB. 

tTeronica serpyllifolia, L. 1 t Veronica officinalis, L. 

PlantaginetB, 

Plantago media, L, 

PolygmacecB, 
tRumex obtusifolius, L. 

07'chide(B. 
tOrcbis Morio, X. 

Liliacece. 

Scilla nutans, Sm. I Ornithogalum iimbellatum, L, 

Fritillaria Meleagris, X. | 

Juncacecs. 

tLuzula campestris, WiUd, 


OgperacecB. 

tCarex praecox, Jacg. 


It will be useful now to enumerate by themselves those species 
which are found upon the water-meadows in Hampshire, but not 
upon the non-irrigated meadows in Hertfordshire, as this enume- 
ration will serve to bring into prominence some, at least, of the 
peculiarities of the flora of water-meadows. The following are 
the species referred to 


GrEAMIHEiE ( 10 ). 


Plialaris arundinacea, L. 
Alopecunis goniculatus, L. 
Agrostis alba, L. 
l^liragiuitce communis Xr/w. 
Glycerin aqiiatica, 8m, 


Glyceria Iluitans, It Br, 
Pekuca duriuscula, L. 

olatior, L. 

loHacea, Iliuh. 

BromuB raocmostiB, L. 


LnauMiHOsiE (-1). 
Modicago lupuliua., L, 


MisoimuAmous Species ( 32 ). 


Thalictrum ilavum, X. 
Oaliha palustris, L. 

Lyclmis PJos-ciiculi, X. 
Liniim catharticum, X. 
Geum rivalo, X. 

Potenfcilla Anserina, X, 
Lyiliruin Salicaria, X. 
Epilobium hirsutuni, L. 

parviflorum, Bohreh, 

— — tetragonum, L. 

Galium palustre, L, 
Valeriana clioica, L. 

officinalis, L. 

Eiipatorium cannabiniim, X. 
Senecio aquaticus, Huds, 
Oardmis paluatris, X. 


Lysimachia Numnnilaria, X. 
Hymydiyiinn oOicinalo, X, 
Myoaotis palustris, IMh, 
Scropbularia aquatica, X. 
Veronica scnicllata, X. 

Anagallis, X. 

Beceabunga, L. 

Scutellaria gaioriculata, X. 
Plantago major, X. 
Polygonum Persicaria, X. 
Riimex aquations, X. 

XJrtica dioica, X. 

Juncus glaucus, Ehrh. 

acutifiorus, Ehdu 

Eleocharis paliistris, B, Br, 
Oarex paludosa, Good, 
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A numerical summary of tlie species which have been enume- 
rated gives the following results : — 



Graminese. 

Leguminosm. 

Miscellanem. 

Total. 

Total on water-meadows 

26 

7 

52 

85 

Total on dry meadows 

20 

10 

55 

85 

Exclusively on water-meadows 

10 

1 

32 

43 

Exclusively on dry meadows... 

3 

4 

35 

42 

Common to both localities ... 

15 

G 

20 

41 

Total in both localitie.s 

29 

11 

87 

127 


The identity of the totals in the first pair of lines, though 
interesting, is of course merely a coincidence. The table shows 
that, in all, 127 species of flowering plants occur in the two 
localities, that two-thirds of these occur on the water-meadows 
and two-thirds on the dry meadows, whilst one third of the total 
number are found in both localities. Half the number of species 
on the water-meadows do not occur on the dry meadows, and 
half of those on the dry meadows are not found on the water- 
meadows. It should be stated that the wrater-mcadow species 
are restricted to those which constitute the herbage. The plants 
growing exclusively in the water “ carriers” themselves, such as 
Manuneulm aqiiatilis^ Ij.^Nitpliar lutea^ Sm., Memjanilie% trifoliata^ 
L,, Iris I^seudacorus^ L., AUsma I^lcmtago^ L., Bagitiaria sagitH’- 
folia^ L., JBtiiomus mnheUattis^ L., Fotamogeton, sp., and Bjmr- 
ganiimi^ sp., are beyond the scope of this inquiry, as are the species 
of Btibus, Eosciy Baliw, <fec., in the hedgerows. 

Notes ok the O-RAMiKEiE. 

The Graminese of the water-meadows offer many points of 
special interest, whether compared with those of the dry meadow 
laud at Bothamsted or with the dry meadows of their immediate 
neighbourhood. It has been stated that tliree grasses, common 
at Eothamsted, do not occur upon the water-meadows, whilst 
ton of the water-meadow grasses are not represented in Eo- 
thamsted Bark. Nevertheless, the former three species— 
fuhesaens, Baciylis glomerata^ and Festuca ovina — are commonly 
found on the dry grass-lands bordering the water-meadows, whilst 
the following grasses not*found on the water-meadows are abnn.- 
dantly seen in their immediate vicinity : — 

Triodia dcoumbens, Beauv. Broraus asper, Mutt, 

KcBlwia ci'istata, Bers, sterilis, L, 

Cafcahrosa aquatica, Bemv. Bracliypodium sylvaticum, Bemw. 

Festuca gigantoa, fill 
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Of tliosej Triodia, Ixaderia, and JFesfuea gigmtea^ as -well as 
J!. omm^ grow oloso down to tho border of the water-meadows 
and then disappear. Adena ptihescem thrives luxuriantly on 
non-irrigated grass-land closely adjacent. But, of tho species 
now under consideration, those of Dactglis and Gaiahrosa are, 
perhaps, the most remarkable in their behaviour. Very abundant 
in the adjoining dry meadows, and, under the name of Orchard 
G rass, well known in America on account of its partiality for moist 
cool situations, I have never yet found Bactylu on the water- 
meadows. Oatahrosa, is the commonest grass in the way- 

side ditches of the district, its herbage and panicles being coji- 
spicuously noticeable during the summer months, yet ifc never 
appears in the water-courses upon the meadows. The cause of 
this is difficult to determine, hut it is p)ossible that JDaetylis and 
Oatahrosa may be adversely induenced by the alternate flooding 
and drying of the meadows. 

Only two of the water-meadow grasses, JBromus mollis and JB, 
racemosws^ are of annual duration. These, therefore, are able to 
maintain their position, and that indeed rather a prominent posi- 
tion, amongst the herbage of the water-meadows, only through 
shedding their seed before the hay-crop is removed. The meadows 
are mown at the end of June or beginning of July, by whieli 
time these species of JBromus are ripe, and the effect of making 
the hay is to detach the “seeds’’ — or rather the dried florets 
containing the grain — and to leave them upon the meadows. 
In panicles of Bromus^ taken from the hay as it is being carted 
from the meadows to the stack, each spikclet is found to be 
represented merely by the two empty glumes at its base. 

The most abundant of the water-meadow grasses is JIolcus 
lanatus, which occupies on these moist lands a mucli more pro- 
minent position than it takes amongst the herbage in Bothamstod 
'Park. The free development and multiplication of its roots 
combine with its txifted habit to secure it in a position it lias 
once attained, whilst, independently of these propoxdies, its early 
period of ripening seed would enable this species to keep its ]/lace. 
Eipe seed invariably appears before the end of June, thoogh it is 
a little later than JBromus in this respeekw Antliowantlnm is, how- 
ever, the first of the water-meadow grasses to ripen its seeds ; 
moreover it may, from the end of May to the beginning of July, 
be found in all stages of growth, from the first appearance of its 
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panicle to the slieddxiig of its “ seed/' Altliougli a conspicuous 
feature in the lierbage, it is not abundant. 

Whilst Bromus^ Holcus^ and Antliomntlmm will have scattered 
their seed upon the meadows in every season before the hay-crop 
is removed, there are certain otber grasses which may have gone 
to seed in hot dry summers, such as that of 1887, but which will 
rarely have clone so in ordinary seasons. Such are Oynosiirtis 
cristatus^ Alojpecurtbs pratensiSj Boa pratensis, Boa trivialis, Ghj- 
ceria and possibly Avena flavescens. But Alo^eetmts 

does not appear to shed its “ seed” — ^the entire spikelet — upon 
the meadows. Each of the other species, however, may derive 
occasional support from this source, and would thus not bo en- 
tirely dependent upon a perennial root-stock. 

Certain other species, sufficiently abundant and generally dis- 
tributed to rec]aire notice in this respect, are so late in flower- 
ing, tlmt their seed is never ripe at the time the hay-crop is 
carried off. These are Bhlemi jpratense^ Agrostis alha, Lolium 
perenne, and the Eestucas. They therefore retain their position 
solely through the perennial nature of their root-stocks. BJileum 
praie7ise has a preference for moist habitats ; and, excepting 
Bliragmites eommtmis^ it is the latest of the water-meadow grasses 
to come into flower ; its herbage is yonng and fresh, and the in- 
florescence is usually only just emerging from its sheath, at the 
time the meadows are mown. Lolium perenne is abundantly 
represented, and, for quantity, probably occupies the second or 
third place after IIolcus lanatus. Of the Eestucas, it is the 
broad-leaved forms that flourish, whilst the narrow-leaved 
forms, of which Bestuca ovina is the type, are scarcely re- 
presented. The case is almost reversed in Eothamsted Park, 
where Fesiuca ovina is one of the most prevalent grasses, 
whilst F. p^'aiemis is rapidly diminishing. Inasmuch as the 
broad-leaved fescues, of which F, pratemis may be taken as the 
type, offer to tlie air a greater leal-surface for transpiration, their 
demand upon the moisture of the soil would be greater than in the 
case of the fine-leaved forms ; hence the former might languish 
and die out in dry situations where, on the other hand, F, ovina 
and its nearest allies woixld thrive. 

The distribution of the gramineous species upon the water- 
meadows presents some points of interest. The species of Bro« 
mus, Anthoocantlnm^ Cynosurus, Alopecunis^ Boa^ Avena^ 
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as well as Glyceria fluitam^ are generally distributed. Ofclior 
species are distinctly local, even in tlie limited area under notice. 
Tims, Fhahris anmdinacea^ Aim cerq^Hom^ FliragmiteH corn- 
munis, and Glyccria aqnafiea arc practically rosiricted to the 
borders of tb« water-courses, and are seldom, or iieyer, to bo 
seen in tlio open meadow. JBliTagmiies, indeed, does not stray 
from the river-side, though its monopoly there is to some extent 
dispxited by Tlialaris and by Mstuca elaUor, FJialaris aruncU'- 
nacea, Aira ewspitosa, and Gli/eerict aquatim are able, on account 
of their vigorous habit and robust growth, to smother the finer 
grasses, and, attracted by the greater moisture, they frequently 
occupy all the space immediately adjoining the water-courses. 

Three species of the water-meadow grasses exhibit interesting 
modifications, sufficiently marked in some cases to constitute 
subspecific characters. These are Lolium jperemie, Festuca pra- 
tensis, and Glycena Jluitans, In the forms of Lolium jperenne 
the rhachis may he found long or short, and occasionally 
branched; the spikelets large or small, crowded together or 
remote, rounded or fiattish, with not infrequently a small inner 
empty glume at the base of each ; the flowering glumes, usually 
awnless, are sometimes awned. Of the fescues it is not difficult, 
taking Festuca prafensis as the type, to select specimens show- 
ing a gentle series of gradations, on the one hand, into J! elatior, 
and, on the other hand, into F, loliacea. Moreover, specimens 
of the last-named may be found in which the spikelets are all 
sessile and the upper empty glume almost obsolete ; such forms 
of F, loliacea approach closely to Lolium per enne. 

Notes ok the LEauMiKosiE. 

The leguminous herbage of tlie water-meadows is scanty. Tlio 
only water-meadoAV species not represented in the dry meadow at 
IRothaiiiSted is Medicago Itptdim} and this is common in the dry 
meadows adjoining the water-meadows. Trifolmm minus and 
T> procimihens, though not found on the water-meadows, are 
common both on . the adjoining dry grass-lands and at Eot- 
hamsted. 


Notes ok the Misceluakeous Species. 

Of the miscellaneous flowering-plants found upon the water- 
meadows, the following appear to be the most common and the 
most generally distributed amongst the herbage :-~Oaltla pahm- 
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fris, Oardamine pratemis^ Qermtimi triviale^ Lychnis Flos-cucttli, 
Oeiim GaJum ])almtre, Senecio aq;uatmUy JRzmex Acefma^ 
Juncm actfii/iorm, and Fhoclia7*is palustris; 'whiht LysmacMa 
Nmmrmlima is a conspicaotxs feature of the after aiatli lierhage. 
Loss prominent, but very noticeable, are Talerimta officinalis^ 
Ghrysanfhenmm Lemantliemum^ Oardtmspahistris, Achillea Mille- 
folium, Myosotis palusfris, Flmitayo Imiceolata, Ajuya reptans, 
FruneUa vulgaris^ and Bmneco crispics. Of the 20 species here 
enumerated, there are, however, only half a dozen which also 
occur on the dry meadows at Eofchamsted, namely, the species 
rQ.entioned of Cerastium, Aoliillea, JBlantago, Ajnga, Friinella, 
and Btimex Aeetosa. 

The special characters of the water-meadow flora may be still 
further illustrated by an enumeration of those miscellaneous 
species which occur on the dry meadows at Eothamsted and also 
on land adjoining the water-meadow’'s, but not on these latter 
themselves. These, obviously, are sp>ccies whicli are kept off the 
water-meadows as an effect of tbe periodical flooding of the latter, 
as there can be no adverse influence of soil or situation. T]i(3y 
comprise :■ — 


Eaiiunculns repens, L. 

Fiejiria, L. 

Stellaria Ilolostoa, L, 
Agrimonia Eupatoria, L. 
Anthriscus Hylvestris, lloffm, 
Taiicus Oarota, L* 

Galium verum, 


Galium Aparino, L, 
Scabiosa arvensis, L, 
Centaiirea nigra, L» 
Garduus arven.sis, Rols, 
Tnigopogoxi pratensis, X. 
Ilieraciuiu Pi lo sella, L. 
Luzula cainpestris, LO. ■ 


It deserves to be noted that of the 112 counties and vice- 
counties into which Eiitain has boon divided by Watson, two of 
the water-meadow species — Mpilohlitm teiragomm (33 comities) 
and Mumew aguatiexts (37) — occur in less than one third of them ; 
whilst/ five other ^i^Ci(i\id^--ThalictnmJlamim (05), LysimacMaNmn- 
mularia (G7), Valeriana dioica (09), BerophuJarut agtcatica (70), 
and Oarex paludosa (70) — are recorded for less than two thirds* 
All the species enumerated as occurring upon the water- 
meadows liave therefore been identified upon graBs-lands which, 
as stated at the outset, are subjected to the intermittent influ- 
ence of running-water. No notice has been taken of adjoining 
marsh-lands, which are under the influence of stagnant water ; on 
these, indeed, some of tbe species already noted are absent, whilst 
others, such as species of Bedicularis^ Anagallis., Mentha, Orchis, 
are present. 
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Concerning tlic cryptogam ic planti^^, it need only be Baid tluit, 
excepting a few Hpccics of Mosbob in oaeli cane, Oplilofjloumn iml- 
gatim^ L., occurs sparsely on the dry meadows at Eotliainsted, 
and Mjimetum pnludre, L., on tlio wator-ineadowB. 

Wliatevor peculiarities exist in the herbage of the water-mea- 
dows which I have had under observation are probably largely 
attributable to tlie periodical influeuce of running-wator. The 
flooding of the meadow^s at intervals during the winter enables 
the herbage to enjoy a higher temperatnre than is the ease upon 
non-irrigated grass-lands, and this promotes early spring growth. 
The meadows are, moreover, rendered independent of the effects 
of dofieient rainfall, so that even in seasons of the severest drouglit 
the removal of the hay-crop brings to view a sward which is bright, 
fresh, and verdant. Thus, whether the season be wet, or dry, or 
of average rainfall, it is much the same to the water-meadows. 
Any seasonal influences to which they may be susceptible must 
therefore be sought rather in the general conditions of atmo- 
spheric temperature, and in the duration of sunshine in the growing 
season, than in the amount and distribution of the rainfall. 

Of the origin and history of these water-meadows little or 
nothing is known. Marshall, writing in 1798, asks, When 
and in what manner, was so great and spirited a public work 
executed ? I can find no record of their having been made the 
subject of any special botanical investigation, but tlie following 
quotation from the author just mentioned conveys some idea as 
to their condition a century ago * : — 

The herbage of the watered beds is various in species ; as 
ray grass, the meadow poe, the marsh and other bent grasses, 
and the meadow fescues ; the loliacea and tliep 5 v?/<?? 267 ’.s*,hcre putting 
on very difierent appearances. On the sides of the trenches, and 
ditches, the fiote fescue, reed canary grass { 'Fhalaru amndlmeea)^ 
and the water poe {Foa aguatica) are common ; also the meadow 
rue {Tlialicirum flavtm')^ and the water dock. One meadow I 
observed was almost shaded over with the common dock ; which 
appears to be a prevailing weed of the well-formed grounds; and 
almost the only one.” 

TJie Eural Economy of tlie Soutliem Counties ; comprissing Kent, 8uri*ey, 
Sussex, the Isle of Wight ; the Chalk Hills of Wiltshire, llanijishiro, &c. Ily 
Mr. Marshall 1798, voL ii. p. 335. 
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On a New SpecieB of Qytimis from Madagascar, constituting a 
New Section of that Genus. By Edmbni) G. Bakeb, E.L.S. 

[Bead lat March, 1888.] 

(Plate XIX.) 

In the last parcel of Baron, F.L.S., 

from Madagascar was a curious parasite of which the following 
communication is a description. It was found by him in the 
forest about thirty miles east of Maudritsara, North-west 
Madagascar. Contrary to the other species of the genus Ci/timts, 
this plant grows on the trunk of a small tree. Specimens of the 
host were also forwarded with the parasite ; the flower material is 
incomplete, hut it ax)X)arently belongs to JDiconjphe^ a curious 
genus of Ilamamelldem endemic in INI adagascar. I will give in 
the first place comparative characters of this now sub gen us, and 
of the three already known. 

Siibgeims I. Eucytinhs. 

Ad Cistarum radices parasitica. Caulis productus. Monoiciis. 
Flores dense sxiicati. Perianthii segmenta 4. Bracteohn 2. 
Coimectivum supra lopulos hand productuin. Stigma eapitatiim 
8-10-sulcatum. Placenta) 8 - 10 , simplices. Species 1 . — Begio 
Mediterranean 


Subgenus II. Hyi^olepis {Pere.). 

Ad Eriocephali ot Agalhosmse radices parasitica. Caulis pro- 
duct us. Bioicus. Flores 1-6 sjiicati. Perianthii segmenta 6, 
Bracteohe 2. Connectivum supra loculos prodiictum. Stigma 
glohofc^um, lamellis 12-14 cnneato-subulatis. Placentm 12-14, 
ramos®. Species 1 . — Africa australis* 

Siibgeiiiis III. Bdallopiivtoh {Bichl.). 

Ad radices parasitica. Caulis productus. Dioicns. Flores 
numerosi dense spicati. Perianthii segmenta 4-9. BracteolsB 0. 
Connectivum supra loculos longe productuin in Ogtino americmiOj 
B. Br., hand productuni in 0. Andrieimi, IlemsL Stigma 
radiatum obscure lobatum. Placent® 10-14. Species 2. — 
Meceicanco* 
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Subgenus lY. BoBEYocTa:iNES {Baker fd.). 

Ad arbonim ramos parasitica. Caulis band prodiictus, Dioiciis. 
Ylores 3-4 gloinerati, mvolucro circumcincti. Periantliii seg- 
mentaO. Bracteolge producfcjc. Connectivum supra locitlos lioaid 
prodnctiim. Stigma radiate- oblatum. Placentse 9-12, simplices. 
Species 1, — Madagascar, 

Desoeiptiok oe Parasite. 

1. Mode of Growth, — Tlie parasite grows on tlie trunk of 
the host in a manner somewhat similar to Apodantlies (see 
Trans. Linn. Soc. sxvii, p. 67, t. 22), but with this important 
difference : in Apodantlies the flowers are solitary, whilst in the 
present plant they grow in clusters of three or four, and each 
cluster is surrounded by numerous orbicular scale-leaves, 
similar in texture and appearance to those of the perianth. The 
inner leaves of this involucre are large, orbicular, and imbricated, 
and the outer ones, as in the involucre of many of the Composita^, 
are gradually smaller and smaller, still retaining their orbicular 
shape, the outermost close to its attachment being reduced to a 
minimum. As to the mode of attachment, the parasite is on its 
lower surface wedged with irregular protrusions into the cortex 
of the host, the boundary between the parenchyma of the host 
and parasite being clearly marked. Prom the appearance of that 
portion of the host in contact with the parasite, it is evident that 
this latter has been gradually emerging, and that its vegetative 
portion has been formed in the inteiuor of the host. 

2. Bracts mid Berianth, — Prom the staminate plant alone it 
wonld be difficult to draw any lino of distinction between the 
bracts and flower-wrapper, but by studying the pistillate plant 
this difficulty disappears. At the base of the ovary there are 
several whorls of orbicular bract-leaves, and from a littlo under 
the apex of the ovary arise six much imbricated ovafce perianth- 
segments. I gather from Mr. Baron that the perianth, bracts, 
and leaves of the involucre are all wliite in the fresh state ; when 
dry they are the same dead brown which is familiar to ns in most 
other parasites. In the staminate jflant the whorls of leaves are 
much closer together ; however, drawing an analogy from the 
female plant, we may consider the outermost as bracts and the 
two inner wdioiis as perianth. In the staminate plant the tube 
of the perianth is hollow, and is united to the staminal column 
by six' septa, whicb divide it into six partitions. On the lower 
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portion of the perianth-segments, on the lower portion of the 
style, and on the perianth-tiibe are numerous multicellular 
cylindrical or club-shaped processes. 

A transverse section of a perianth-segment shows it to be 
composed of homogeneous parenchymatous tissue, the cells being 
roundish or pentagonal ; the .upper and lower epidermis are 
similar in structure, and stomata do not appear to be present. 
At the base of the perianth-limb at the point of juncture with 
the perianth-tube there are usually about five fibro-vascular 
bundles in each of the perianth-segments ; these, however, 
Radiate like a fan from the base upwards, and branch dichoto- 
mously, and just beneath the apex of the perianth-segments the 
termination of some twenty bundles may be counted. A case of 
O/pparently abnormal growth of the perianth was met with in 
one of the female flowers examined, one^of the perianth-segments 
becoming trifid a short distance above the base. 

3. AndrcBcmm . — The parasite is unisexual, the sepai'ate clusters 
consisting only of one sox. The staminate flower is globose and 
about i an inch in diameter. The anthers, twenty or more in 
niimbor, are sessile on the column, and are arranged in a verti- 
cillate manner. The column, which is solid at the base, in the 
upper part is hollowed out in the middle, and has the anthers 
arranged on the outside contiguous to one anotlier in a regular 
manner. The anthers are bilocular, and dehisce extrorsely and 
longitudinally, the two loculi being parallel. The pollen is some- 
what peculiar, being compound ; it is composed of four cells, and 
the compound grain has a diameter of '03 millim. The position 
of the four cells varies ; sometimes they are arranged in the form 
of a tetrahedron, or they may bo in the form of a pyramid. 

If a transverse section be made of the ring of stamens, the 
column will he seen to be composed of homogeneous parenchyma, 
with a simple series of 8-10 vascular fascicles. In the wail of 
the anther the external layer of cells is thickened, and fibrous 
cells are absent. The composition of the bundles is of a some- 
wiiat simple character, the xylcin element being represented 
principally by spiral vessels, and the perixylem is composed of 
short tliin-walled colls. The cells composing tlie parenchyma of 
the column have brownish-coloured contents, and give a decided 
dark blue-black coloration with solution of sulphate of iron, thus 
indicating the presence of tannic, and probably other astringent 
acids. 
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4. Gpzaekmi. — The female flower h larger tlmii tlie male 
flower, hut like this latter it occurs iix clusters, each containing 
3-4 flowers, and these clusters are sessile upon the trunk of the 
host. The perianth-tuhe is about as long as the lobes, and is 
entirely adnate to the ovary. The lobes of the perianth are six 
in number. 

The ovary is unilocular, and the placentjB are 9-12 in number, 
and are long and sinuous. The ovary is so nearly inferior that 
only the summit projects from the enveloping periantli-tuhe. If 
a transverse section, taken from the very top of the ovary, be 
examined, it will be found to be spuriously multilocular ; b^r 
spuriously I mean that there is only one central loculus contain- 
ing placentse, but that there are several other smaller loculi 
which are destitute of placenta?, and which are not found in a 
section taken lower down in the ovary (see fig. 5). The ovules, 
which are very numerous, are erect and orthotropous, and have 
only one integument ; the various stages of the development of 
this integument can often be traced in a single section of the 
ovary, the ovules at the base of the placentae being in a younger 
state than those at the apex. The first stage consists of a pro- 
tuberance on the walls of the placenta ; then other ovules can be 
seen, with the nucleus projecting like a cone from the encircling 
integument ; and, finally, the integument when fully formed 
appears to consist of two layers of cells. The ovules of this 
parasite differ very considerably from those of Bqflesm, as 
described by Eobert Brown In this latter plant they are 
curiously auatropous, with a dilatation at the apex of the funiculus. 

The style is short, solid, aud columnar; tlie stigma is 
capitate, and has apparently as mauy lobes radiating from an 
umbilicate centre as there arc placentas in the ovary. Tlie viscid 
surface extends all over the summit and a little down the sidcss 
of the stigma. There is a dilatation at the base of tiio stylo, which 
will he seen represented by two protuberances in the vertical 
section (see Plate XIX. fig. 2). 

As all the specimens of the parasite were gathered at about tlie 
same date, the fruit and seeds are unknown t. Boubtless the 

^ Trans. Linn. Soc. vol. xix, p. 242, t. 22-26. 

t Por a description of the seeds of Cytinaceas, see Solms-Laubach, Trinien’s 
donrn. Bot. 1874, pp. 308-318; or Bolnas-Lauhach, “Ueber den Ban der 
Samen in den Pamilien der Raffliesiacefo xmd Ilydnoracecef’ Bot. Zdt 1874, 
T!Jos. 22-25. 
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fruit is baccate and the seeds minute and very numerous, as in 
the other species of Gytlnus. The embryo of the Cjtinace® is 
small and noiidiiferentiated in the form of a roundish mass of 
cellular tissue. 

I propose to call the species Cvtiwus Baeoni, after its dis- 
coverer. This makes a fifth species of the genus Cytinus^ and until 
the present time no member of the Suborder MaffiesiecB has been 
recorded from Madagascar. The commonest species of Cyiinus^ 
G> Sypocistis, Linn., is confined to the Mediterranean region ; 
another species, C. dioicits^ Juss., is found at the Cape of Good 
Brbpe ; and two members of the same genus have been described 
from Mexico. The only member of the nat. order Cytinacem 
that has been found in Madagascar is a species of Sychiora^ 
which was seen hy M. Grandidier but of which no specimens 
were bronglit home; the structure in this genus is very dis- 
similar to that found in Oytimts. 

EXPLANATION OF PLATE XIX. 

P^ig. 1. Two ilowors of Oytimis Bcvroni, natural size. 

2. Longitudinal section of female dower, X 8. 

3. Longitudinal section of male flower, X 3. 

4. Stigma showing radiate lobation, magnified. 

5. Side- view of the same, less magnified. 

6. Transverse seciion. of ovary. A, near apex ; B, lower down. X 9. 

7. Transverse section of ring of stamens, X 9. 

8. Transverse section of anther, showing two loculi, X 75. 

9. Pollen, X 450. 

10. Transverse section of perianth-tube, male flower, X 0, 

IL Placenta, with ovules, X 150, 

12. Cylindrical process, from near base of perianth-tube, X 150. 

13. Longitudinal section of male flower, in an early stage. H, the host. 

X 3. 


^ See Bull. Soc. Linn. Paris, 1886, p. 545, 
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Abies excolsa, (ftnole) 8. 

Abrua pfeoa.toriufl, 147. 

% Abiitiloii aaiaticum, 15.5. 

Acaeia creaia, 144. 

pounaita., 144. 

Aoalyphfi, 150. 
itidioa, 150, 
virginiea, .K)0. 

Acantlinpiiij)|)ium, 150, 105, 105 ; crossed 
with Ohj^sis, 151). 

Ouriisii, 105, 

Acer, 85. 

Aeetabularia, 55, 

mediiorranea, 202, 

Achillea, 4153. 

Millefoliiun, 361, 305, 450, 405. 
Shopiirdi, 453. 

Aeliroantlies, 514. 

Achyraiitlios aspora, 138. 
coi^jittbosa, 158. 
lappacoa, 158. 

Acids, eifect of, on veffotable tissues, 21 
-23. 


Acorns Oulamus, A verua, 130. 

Aerocentron, 434. 

Acronyohia lauri folia, 140. 

Aorostiolminj 152, 201.. 
au, remn, 201. 
auriium, 201. 
digitatum, 152. 
fkgelliferum, 261. 

!.j{stero}>b,yIl urn , 1 f i2. 
lanoeokt.mn, 152. 
lineare, 201, 
olii'odicfcyQn, *201. 

* rigidnm,201. 

.siliquosum, 152, 
aiTn|,)Iex, 201. 
tlialictro'ides, 152. 

Actinantbe, 103, 104, 105, IH, 112, 
118, 119, 120. 

“Activity or Passivity ” Question in 
epidermal cells, 504. 

Adenanthera pavonina, 141. 

Aclenosma camphoratum, 153, 

Aiienostemma viscosuin, 149. 


Adliatoda vasica, 134. 

Adiantiuu, 232, 251 . 

eaudatum, 152. 

ASeidiospores, 88, 90, 94. 

AScklium, 80, 90. 

Allii, 89. 

Ari, 88, 80, 90. 

Centauri®, 9.'{. 

Jacubjcic, 91. 
tJrticoc, 93. 
jTilgle Marmelos, 144. 

AErua javanica, 158. 
laiiata, 138. 

yEscbynomeno aspcra, 148. 

..fEsouliis Hippocastanum, 448, 450. 
JEthionoiua, 421. 

clandestinmu, 421. 
coridifolium, 421. 
gileadense, 421 . 
lougistylum, 421. 

AfTmifcies and Ckassifi cation of Algas, on, 
A.^W. Bennett, 49. 

Agarieus, 51. 

Aglaia Roxburgh iana, 154, 

Agrimonia Eupatoria, 457, 403, 
Agrostis, 455. 

alba, 455, 458, 401. 
vulgaris, 455, 

Ailanthue, 80. 

Aira cwspitosa, 455, 403. 

Ajuga, 405. 

reptiius, 456, 405. 

Alaria, sexual reproduction in, (ftnoPs) 

57. 

Alcoa aoaulis, var, longipe.s, 424. 
Alohemilla vulgaris, 457. 

Alcohol, effects ut*, on vegetable tissuBS, 

9, 10. 

Aleurit,es triloba, 150. 

Alga, Note on an, (Deruiidopliylon ra- 
dicans, Peter), growing on tlie Euro- 
pean Tortoise, M. 0. Potter, 251. 
Algce, 49, 51, 60, 192, 253. 

Algae, On the Affinities and OlnsHifica- 
tion of, A. W. Bennett, 49. 

Alisnia Plantago, 45t). 
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Alkaiina, 436. 

megacarpa, var. Shattuckia, 436. 
oricntalis, yar. iiitegrifolia, 43(). 
Allantodia javanica, 4li 
Allium, 89’ 

lu’siTUiin, 89, 90. 

AllinaBia nodillora, 138. 

Allophyliis, 140. 

Cobbe, 154. 
zeylaniciis, 140. 

Alocaaia maeroiTliim, 149. 

Aloe of Caffraria, 445. 

Aloe, 139, 445. 

Barbera?, 445, 
liyaciiithoides, 139. 

Alopecurns, 440, 441, 461. 
geuiculatus, 455, 458. 
involucratus, 440. 
pratensis, 455, 461. 
utriculatus, 441. 

Alpiiiia Galauga, 133. 

Alsinem, 423. 

Alsopliila, 409. 

Bruiioniana, 409. 
sikkimensis, 409. 

Alternanthera triaudra, 138. 
Alyasicarpus vaginalis, 147. 

Alyxia zoylanica, 155. 

Amarantlius, 150. 
caudatiis, 155. 
spinoaus, 150. 

Araelancliier yulgaids, 94. 

Ammonia, effect of, on vegetable tis- 
sues, 18. 

Amomum, 133. 

Cardamom, 133. 

Zerambet, 133. 

Zingiber, 133. 

Amorphophallus campanulatus, 154. 
Amphidoxa gnapbalodos, 148. 
Anacardiiim ocoidentale, 141. 

Anagallia, 463. 

arvensis, 364, 365, 

Anatomy and llevclopmont of tbo 8po- 
rogoTiium of Mosses, J. R. Vaizey, 
263. 

Anchiisa, 435, 

Milleri, 435. 

Shattuckii, 435. 

Ancistrooladus Vablii, 146. 

Andicola, §, 110. 

Androchilus, 309. 

Anclrograplns echioides, 134. 
Androgynia, 28, 

Andropogon Nardus, 136. 

Schoenanthus, 155. 

Aiaeilema giganteum, 155. 

nudiflora, 134. 

Angiosperms, 61, 442. 

Angnecum maciilatiim, 389. 


Anisomelea 134. 

Anoectocliiliis, 157, 163, 164, 170. 
javaiiieus, 3J)8, 

Lobbianiia, 170. ® 

Lowii, 170. 

VoiicbiauuB, 170. 
xanthophyllus, 170. 

Anoectomaria, 170. 

Dominii, 170. 

Anona asiatioa, 144. 
squamosa, 144, 145. 
sylvcstris, 144. 

Antlieroceroloffi, 273. 

Authoxanthum, 460, 461. * 
iiidicuni, 134. 
odoratum, 455. 

Anthriacus sylvostria, 457? 463. 

Antiaris t oxicaria, 443. 

Anlidesmn, Alexiteria, 151 . 
Ghmsambilla, 151. 
zeylanicum, 151. * 

Antropliyuin reiiculatum, 261 . 

Apiocyatis, 55. 

Aplectriirn, 308. 

Apocynom, 115. 

Apocyno-norium, 153. 

Apocyiium frutescens, 138. 

Apodanthos, 406. 

Arabidem, 81, 

Areca Cathecu (Cateobu), 153. 

Arenaria graveolens, var. uiiniita, 433. 

Argyrolobiiim megarliizum, 175. 
polypliyllum, 175. 
tuberosum, 175. 

Aristolochia indica, 149. 

Arrhenatberum avenaeeum, 455. 

Arsaee, §, 18(5, 187. 

Arum, 88, 89. 

divarication, 140. 
iiiaerorlimun, 149. 
maculatuin, 88, 89, 9(1 
trilobatum, 149. 

Arimdina s^ieiaosa, 394. 

Ariindo Bambus, 13(5, 

Ascaris, 190. 

Asclepiadea*., 1 1 5. 

Aaclcpias, 138, 155. 
giganica, 138. 
lactifera, 138. 

Ascomyeeles, 51. 

Aspalatlius indiea, 147. 

Asparagem, 440. 

Asparagus falcatus, 138. 
gonoclados, 138, 139. 

Lownei, var. calearatus, 440. 
racemosus, 130. 
sarmentosus, 138, 139. 

Aspen, branoli-scars of, 447, 

Asperiila dissitiflora, 432, 

Asperalm, 432. 



Aspkliuni, 414. 
a ill n is, 414. 
aiioinala, 415. 
aml.atium, 414. 

— Tar. aBHaiiiica, 414. 

— , var. coni i folia, 414. 

— — , va.r. Thwaitesii, 414. 
glan (1 uligorun i , 4 1 5. 
graoilescens, 415. 
menibranaceum, 250. 
Prcscoltianinn, var. S, Bakemna, 
414. 

repanckitt, 259. 

Asploni’uni, 152, 258,412. 
acuminatum, 412, 

* aUlne, 258, 

crinitum, 258. 

(Irepauophylluin, 412, 
falcatum, 152. 

Filix-foRmina, 412, 

, vai*. Schiiiipori, 412. 

iatifolium, 413. 
longifoliuni, 412. 
longissimum, 412. 
multicaudatum, 413. 

— , var. caudicoa, 413. 

, far. tristia, 413. 

polypodioidea, var. aspera, 413. 
resect uirij 25(S. 
scan dens, 258. 
sikkimense, 413. 
sorisogonense, yar. majus, 258. 
Bpeciosum, 412. 
aylvatioum, 412. 
torrentium, 413. 
umbroBum, yar. australia, 413. 
unilatoralis, 413, 
yulcanicum, 258. 

Wigktianum, 258. 

Astacoiiiorplm, study of, 116. 

Astoranlbo, 107, 111, 112, 120. 

Astragalus tracboniticus, 426. 

AtnJantia racoiuosa, 153, 

Atragene zeylariica, 145. 

Atrichuin, 264-270. 

undulatum, 2t)5, 2G8, 276, 283, 
284, 285. 

Atylosia soarabjeoidf?8, 147. 

® Aucuba, 440. 

Arena, 461. 

ayenaceimi, 455, 
olatior, 455, 
flnvcscens, 455, 461. 
pubescens, 457, 459, 4{)0. 

Ayerrlioa, 136, 141. 
acid a, 142. 

Bilim bi, 142. 

Carambola, 142. 

Avicennia officinalis, 13G. 

Azadiraolita indica, 141. ' 


Bacillarincem, 53. 

Bacteria, 102. 

Baka-nminumiris, 1 34, 

Baker, .IS, d., On a, new Scef ion of the 
Genus Oylinus from MndagaHcar, 
465, 

Bak(M*, tT. G*., On a farther OolhHjf^ion 
of herns from West Borneo, 256. 
Barker, -J, G., and C. B. Clarke, Suj)ple“ 
mentary Kote on tlm Ferns of 
biorihcrn India, 408. 

Bulanopljf)ra, 103, 105 ; on a species 
now to the Jaijancse Flora, by T. ll:o, 
103. 

dioica, lOG, 107. 
clongata, 106. 

Harlaudi, 104, 106. 
involucrata, 10(». 
polyandra, 10(0 
Tliwaitcsii, I9.‘i 
Bfdanophorejr, 197. 

Ballota disiicha, 134. 

Bangiaccii!, 6( ). 

B&nnistoria benghalonsis, 142. 

Bat inistoHoides, 1 53. 

Barlcria Prionitis, 145. 

Barringtonia acutangula, 143. 

racetnosa, 143, 145. 

Banella nibra, 138. 

Basidiomyectos, 51. 

Bateson, Amui, and F. ’.Darwin, Effect 
of Stimulation on Turgesiicui Vege- 
table Pissucs, 1. 

Batracho.sper nmrn , 60. 

monilifo!*mej 358, 360. 

Batters, E. A. L., A dcBcription of 
throe new Afaritie Algm, 450. 

Bauhinia acuminata, 141. 

tomentosa, 141. 

Bdallotthyton, 465. 

Beggiatoa, 51. 

Begonia, 445. 

Bellevalia ciliata, yar. i)anicul<i,1a, 
440. 

Beilis peroimi.H, 3G4, 305, 45(J. 

Belmont ia, 100. 

Bennett, A. W., On the Affinitii's and 
Classification of AIg«, 40. 

Betel-] )lant, 134. 

Bignonia inclioa, 145. 

Biophytum sensilivum, 142. 

Blainvillca lati folia., 148* 

Bletia, 1()3, B)5, IGO, 308; crossed wif lt 
Calantlie, 150. 
liyacintluna, 1 63. 

Bletidom, l(t5. 

Bobania, 135. 
indica, 135. 
spaihticea, 135. 

Boerbaavia difhisa, 133. 

2p*2 
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Bolus, 11. , Contributions to Soutli- 

African Botany, Fart iii., 171. 

Bonibax Ociba, 144. 
gossypinuin, 144. 
pen land ruin, 144. 
religiosa, 144. 

Bonnaya veroniciribliUi, 145. 

Boragincai, 435, 45G. 

Borassua ilabelliler, 158. 
flabelliforniia, 153. 

Borrago inclica, 137. 

Botrydina, 55. 

Botrydiuni, 55. 

Botryoeoccus, 54. 

B otr 5’ 0 cy t in us , 46G . 

Brachyuntha, 432. 

Bridelia retiisa, 151. 

British lleteroeeious TJreclines, Experi- 
mental Observations on, 88. 

Briza media, 455. 

Bromus, 45V), 460, 461, 
asper, 459. 
gigniitea, 459. 
mollis, 455, 460. 
raccmoBus, 455, 458, 400. 
sterilis, 459, 

Brown, N, E., Vaccimum intermediiina, 

Eutbe, a new British plant, 125. 

Brugniera gynmorrhiza, 142. 

Bryonia cordrfolia, 150. 

dioica, 374, (leaf-cells) 377, 388. 
laciniosa, 150. 
palmata, 150. 

Bryophyllum, 445. 

Bryopsis, 55. 

Bulbodiaate, 69. 

Binhiun, 428. 

capillifoliura, 428. 

Bupleurum, 42(4 
antiochium, 427. 

Boissieri, 426, 
lalcatum, 427, 
rigid urn, 427- 
tehuisBimiim, 427. 

Burinannia disticha, 139. 

Butoiuus umbellatus, 459. 

Bians Bemporvirena, 303. 

Oacalia sonchifolia, 148. 

Oactaceffi, 449. 

Ojsesalpmia, 141. 

Orista, 141. 

Kuga, 141. 

Sappan, 141. 

Camnus indicus, 147. 

Caladenia, 393. 

Calamus Botaug, 155. 

Calantbe, 157, 163, 165, 166, 168. 
Bominii, 166. 
fiircata, 166. 


Calantho inquilina, 168. 
imiBuea, 163, KiG, 168. 
vemcoh'i', 1 68. 
vestita, 158, 1(>8. 

Calliear]»a lanala, 136. 

Callithammon, 51, 59. 

Oalliirie.he venia, 201, 208, 209, 211, 
213, 234, 251. 

Calluna vulgaris, 126. 

Calochilus, 394. 

Oalopliyllum Bunnanni, 143. 

Calaba., 143. 

InopliyUum,.143, r 

Oalothrix 8eopiiloriim, 451. 

Calotropis gigantea, 138. 

Caltha paluairis, 455, 458, 462. 

Calypso, 308. 

Cambogia Cutta, 143. 

Campanula Amasiie, 435. 
ianceolata, 435. 

Mialium, 361, 362. ^ 

Traehelium, var. orientalis, 485, 
, var. Rolitaria, 435. 

Oampanulaeeffi, 435. 

Camphor, effect of, on vegetable 
tissues, 17- 

Oanicla% study of, 116. 

Canna indica, 133. 

Cannabis, 77. 

Oanscora, 109. 

Oapparis horrida, 144, 
zeylanica, 144. 

Oaprificus, 28, 29, 36. 

Capsella Bursa-pastoris, 361. 

Capsicum, 132. 
aiinuiim, 137. 

Oardamine pratcnsis, 455, 463. 

Cardios])erm mu ITal i eacabi i m, 1 40. 

Cardans arvensis, 457, 463. 
palustris, 45(», 458, 4()3, 

Oarc'X arena ria, 91, 92, 93. 
hirta,, 91, 1)3. 

])aludoRa., 456, 458, 463. 
prjeeox, 158. 
riparia, 91.. 

Oariea Papaya, 151. 

Cariees, 88, 91 . 

Carpophy<!em,, 58. 

Carp(.>.Mporea3, 49. 

(iarmu, 428. 

Boiirga'i, 428. 
brachyactuR. 428. 
elogans, 429, 
nudum, 428. 

Festalozzffi, 428. 
setacenm, 428. 

Oaryophyllacea^., 455, 457. 

Caryophylleu', 81. 

Caryota urens, 153. 

Cashew-nut, 132. 



Oaasin ab.suH, 141, 
auriculiita, 114, 

1.44, uhi, l/il. 
iniitioHoickvs, Ml. 
tSi>plu‘ra, IW. 

Tom, ML 

oK'wi.ica, 4 12. 

Oa,tabroHa, 

uqiud.ii^ii, 414). 

Ca,!ba.riuea, 244. 

Oattloya, 147, 144, 144, 14«, 404, 
300. 

Aeldnudia', 150, 140. 
exoiiiai^Miri, 157, 14)0. 
iblix, liJO. 
griuniloBa,, 140. 
iiiteriueclia, 150, 140. 
biibiata, 157, 140. 

— — , Viii\ Mossiffi, ibrtlU}!a.tu)n o1‘ 
( Vcitiefi), 305 MUG. 

Ladia, 144. 
iiiaxiina, 44)0. 

Mimlm, 157. 140. 
tSflulleriann,, 140. 
fluperba,, 151). 

Warsczowicxii, 1 40, 

Oa,ulerpa, 55. 

Oauleacoiitos, 314, 333. 

Oaylusea, 77. 

C’oanothus siaialious, 138. 

Colastriiict©, 173. 

Oolastrus mariiinu'is, 173. 

Celosia huiata, 138. 

noditlora, 188. 

Oelsia, 437. 

Berneti, 437. 
heterophylla, 438. 

Oeltis orien tails, 151, 

Oontaurea, 01-03. 

Cyanus, 01, 341. 

Doddsii, 434, 

Jlausskrietditii , 434. 

Jlclleniaa, 435. 
nigra, 01, 02, 03, 457, 443. 
poLy<}cphala, 434. 
tra,cboiiitiea, 434. 

Ooiitaureas 01. 

Ceiitranthora prociuubeiia, 145. 
(JontrautliuH rubor, 207, 212, 234. 

® (loplialautbera pallinis, 304. 
Oophalantlius orieritalis, 134. 
Ccphalosporiuiu acromouiutn, 48, 40. 
Ceramia, §, 181. 

Gorastium, 443. 

triviale, 455, 443. 

Oeratopliyllum deniorsura, 208. 
Oeratopteris thalictroides, 152. 

Cerbera Manghas, 138. 

Odollam, 138. 

Cercus, 449. 


C'uri»pegia billorai, 138. 

iiitonuodia,, 138. 

CVroploriH, 240. 

(Vu'OHora., 240. 

Gba‘rui)hyl1uiri, 420. 
iiiacruHpiTiuuni, 420. 

(digoraj’ptini, 420. 

Cluiiorarpus (^antunotairpus, I5L 
Ciui'luiuorplm, 54. 

Oluiitopbora, 357, 340, 387. 
GliaiitnuiHia pyguura, 358, 340, 387. 
Ohara, 204. 

vulgaris, 244, 2‘17, 218. 

Ohararojn, 55, 40, 41, 210, 244. 
Cliai'aciuui, 55. 

Olidlantlies allxjinarginata, 41 1. 
argentca, 411. 

Yur. aulplnirea, 41.1. 

lariiiosa, 4U. 

var, anoc))S, 4t 1. 

, vai*. clirysophylla, 41 L 

, var. subdimurpba, 441. 

, var. Icuera, 41 1. 

grisoa, 411. 

Oboiraiithiis, 81. 

Oliciri, 341, 343. 

OboiropUu'owplialus .sorlulifuniM, 313, 
320. 

Oliiluglottia dipbylla, 301. 

Oliioiumthus zoyhiuica, 133. 

Ohiroiiia, 100. 

trinervia, 137. 

0 1 1 Ian ly (loci )cu i is, n-L 
Ohlainydoiuouay, 54. 

01, dura, JOO. 

Cbluroforni, elFeots of, on vogetablo 
tissues, 14, 

ObloropbycuiB, 253. 

Oblorophyli, movements a,iid positions 
of grains in, 200, 204, 220, 231, 351, 

374. 

OhloropUyllophyecaj, 54, 54. 
Chlorospoim, 51. 

Ohondropbyllum, 1 10. 

I Oiiromopbyton, 58, 

I Obroococenocio, 52, 53, 51. 

0 hroolepi den;, 54. 

Obroolepus, 54. 

Obrysai itl i,em mu, 15. 
coronariinn, 15. 
inditniin, 154. 

LeucauUieinuni, 454, 443, 
Matricaria, 344, 345. 

Scgotum, 343, 341. 

Obysis, 150, 143, 144. 
ainva, 143. 
bractoscons, 143. 

Obysis crossed with Zygopetaluin, 

loO. 

Chytridiuin, 51. 



47f> 




Oimi distioba, 14b. 

Uiniiainoinum, 141. 

Cassia, 141. 
zeylanicum, 141. 

Cinnamon, 141. 

Circtt'a liitetiaua;, Sdl, ol>2, iKM, 

^72. 

Cirsium .Aiiiani, 4«'Mr. 

Cissiis \it;igitiea, 147. 

Cltronclla Grass, 140. 

Citrus Aurantiiim, 148. 
idaclopbora, 50. 

(iUarke, 0. B., On Banicum super- 
yaciunn, sp, nova, 407. 

Clarice, 0. B., and J. 0-. Baker, Sii]>ple- 
inentary Note on the Ferns ot* Noi tli- 
ern India, 408, 

Clarlcia, gaurioicles, (cotyL) 08, (seed- 
^ ling) Oil, 70.^ 
integripetala, 09. 
pulclielia, 03, 05. 
rliomboidea (cutyl.), 02, 00, 07. 
Claytonia ])erroliata (seedling and sect, 
ol’ seed), 80. 

Cleistantlius acuininatus, 154. 
deist ogamy in Orebids, 380. 

Olonuitis ilorida, 305. 

Clennnvs caspica, alga growing upon, 
251, 254. 

Cleoiuo, 140. 

dodecandra, 140. 
gynaiidra, 146. 
icosandra, 146. 
inonophylla, 146. 
viscosa, 146. 

Clerodenclrinn, 145. 
inerme, 145. 
mfortunatuin, 145. 

Clitoria ternatea, 147. 

Clutia Eluteria, 151, 
retusa, 151. 

Cocdilospennum Gossypinni, 144. 

Cocos nueifora, 153. 

Codiolinn, 55. 

Oodiuin, 55. 

Ccekntbe, 110, 113, 114. 

Ooelastrum, 54. 

Ccelogyne, 308. 

Ccelogynea^, 105, 16G. 

Coelosplurriinny 52, 54. 

Ccenobias, 65. 

Ooix Lacryma, 149. 

Laeryma-Jobi, 149. 

Colax, 163, 165. 

jngosiis, 156, 170. 

Goldenia procumbens, 137. 
Coleocbsetacein, 58, 59, 60, 61. 
Coleochffite, 59. 

Colocasia, 47. 
esculenta, 45. 


Colocasia in Jamaica, Bisease of, G-. 
M assee, 45. 

Ooliibrina asiatica, 138. 

Oomnu'lina eristata, 134. 
nudiilova, 13)4. 

Ooniposiiaa, 175, 433, 456, 457. 
Conferva, 56. 

Oonfervacoic, 50, 58. 

Ooufervoicleaj, 57, 58, 253. 
beteroganijc, 58. 
isogamju, 50. 

Conjugatic, 53, 50, 57. 

Connarus monocarpns, 140. 

Coimatc petioles, 75, 70. 

Oonopodium deiuida,tinn,, 457. 
Oontributions to Soutli -African Botany, 
Part iii., II. Bolus, 171. 

ConvolvnluH, 303. 
ar von sis, 363. 

Pcs-caprie, 137. 

Turpotbum, 137. 

Conym antbelmintica, ITA. 

cinerea, 154. 

Corallijia, 59. 

Corallorbiza, 308. 

CorchoruB acutangulus, 144. 
capsularis, 144. 
olitorius, 144. 

Coreopsis Atkin.soniana, (embryo) 70 ; 
(sect, of aciiene) 70 ; (seedling) 

77 . 

Cornuoopije, 441. 

Cornus, 155. 

Coryplia uinbraculifera, 153. 

Ooscinium fenestratum, 154. 

Costus arabicus, 133. 

Cotton, 132. 

Cotyledon Hookerii, 445. 

Cotyledon, Iniluence of Lt-af on, <>2. 
Cotyledons, divided, 8B84. 

, unequal, 7i>-77. 

Coutoubea, 109. 

Ouvcllia, 28-30, 33, 40 -42, 14. 

Cracca maxima, 148, 
pur}mrca, 148. 
senticosa, 148. 
tinctoria, 148. 
villosa, 148. 

Cmssiila arborescons, 445. 

Crassulaceie, 200. 

Cratmgus monogyim, i)4. 

Oxyacantlja, 93-97, 99, 100, 
Cratmva Marmelos, 144. 

Papsa, 144. 

Crawfurdia, 110. 

Crepidium, 310, 311, 314, 334. 
flavescens, 337. 

Ebeodii, 343. 

Orinum asiaticum, 139. 

Orossopetalmn, 114. 
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Orotalariji griqiionaiK, 174. 
laburni folia, 147, 
retuaa, 147. 
spill osa, 174. ® 
verrucosa, 147. 

Orotoii, If)!). 

aroiiiaticuni, IfiO. 
lacci forum, IbO. 
raolucuauum, 150. 
apiriosum, 150. 

Tiglium, 150. 

Orucifeno, 80, 171, 420, 455. 
Oryptogamia, 28. 

Oucumis macTbraspatantia, 150, 
Ourculigo orchioides, 155. 
Curcuma longa, 133. 

rotunda, 133. 

Custard-apple, 132, 144. 
Cutleriacoie, 57. 

Cyan© (Sect. Gentiana), 110. 
Cyanophycem, 55, 101, 102. 
Cyathea, 400. 

Brunoniana, 400. 
clecipien.s, 409. 
spinulosa, 409. 

Cycas circinalis, 153. 

Cyclamen iiidieum, 153. 

Cyclca Burmauni, 151. 
Cyclostigma, 114. 

OynanoLiica, 432. 

Cynaroidem, 434. 

Oynometra cauliliora, 141. 

ramiflora, 141. 

OynosuruB, 461. 

cristatus, 4.55, 401. 

Oyperaceise, 197, 450, 458. 

Cyperus arouarius, 135. 

Haspan, 135. 
paohyriiizus, 135. 
i‘otuudus, 135. 
umbel latus, var., 135. 
Cypripodiuiu, J 50, 101, 190. 
Argun, lOl, 102. 
barbato- villosiiin, 1 07. 
barbatum, 150, 1()0, 101, 102. 
coucolur, 101, 102. 

Dayimum, 101, 102. 

X)ruryi, 101, 102. 

^ Fairrioanum, UH, 102. 
IlarriHianum, 107. 
birsutiasimum, 1(U, 1()2. 
ilookcra}, 101,^102. 
insigne, 101, 102. 
javauicum, 101, 102. 
Lawrencoauum, 101, 102. 
Lowei, Kil, 102. 

Morganim, 107. 
niveum, 161, 102. 
philippinonse, 1(>1, 102. 
purpuratum, 101, 102. 


Cypripeclium spcetabile, 159. 
Spiceriatuim, 101, 102. 

Stiunei, 101, 102, 107. 

, var. platytmnium, 107. 

siiporbions, 101, 102, 107. 
vomistuiu, 1()1, ir>2. 
villosuni, 101, 1.02, 107. 
Oyrtopodim, 105, 100. 

Cystogyne, 28, 41. 

Oytiiiacecc, (ftnote) 408, 469. 

Cytinus, 405, 469. 
araericaims, 405. 

Andrieuxii, 405. 

Baroni, 469. 
clioiciis, 469. 

Hypocistis, 409. 

Cytinus from Madagascar, On a new 
Section of the Genus, by JE. G. Baker, 
405. 

Oytisus Oajan, 147. 

drepanolobus, var. birsutissiinus, 
424. 

Dactylis, 400. 

glomerata, 457, 459. 
DtedalaeantbuB montanu.s, 133. 
Daminara, 442, 440, 447, 449. 

robust a, 441, 442, 443, 450. 
Dammarites, 441. 

Darwin, If., and Anna Bateson, Effect 
of Stimulation on Turgesceut Vege- 
table Tissues, 1. 

Datura Metel, 137. 

Dauciis, 431. 

Oarota, 457, 403. 
jordanioiis, 431. 
puleberrimus, 431. 

Davallia, 257. 
bullata, 411. 

, var. cyphocblamys, 411. 

daremformis, 410. 
gracilis, 258. 

Gritfitliiana, 411. 

Kingii, 257. 

Iiobbiana, 258. 
mombraniilosa, 410. 
nopbrodioides, 257. 
pallida, 258, 
pectinata, 257. 
podata., 257. 
pinnatiifida, 257. 
pulcbra, 410. 

, var. Delavayi, 410. 

, var. pseudo-oystopteris, 410. 

Dawsonia superba, 206. " 

Dejanira, 109. 

Delima sarmentosa, 144. 

Dendrobium Brymerianum, 392. 
ebrysoura, 392. 
ilmbriatum, 392. 
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Deraiatophyton radieaiis, 251,253. 
Deri’is sinuata, 141. 

iiliginoBa, 154. 

BeB^bainpsia ca'spitosa, 455. 

Desiiiia, section alluded to, 184. 
.'Dosniidiece, 53, 5G. 

Besmidiiun, 55. 

Besmodiuui biarticidatuin, 147. 
lieterocarpum, 147. 
polycarpon, 147. 
pulchelluin, 147. 
triiloriim, 148. 
triquetrum, 147. 
mnbellatuin, 147. 

Biantliiis, 422. 

aiiraniticiis, 422. 

floribimdus, Tar. kerlianicus, 422. 
juclaicus, 422. 

Libanotis, 422. 

miiltipunclatus, yar. pruiiiosus, 
422. 

Diatoinacese, 53, 58. 

13 i dir ostachys ciuerea, 144, 

JDicksonia append iculata, 4l(J. 

, var. Elnesii, 410. 

Elwesii, var. glabra, 410. 
Dicoryplie, 455. 

Dicotyledons, 441. 

Dicranaceie, 205. 

Dicranuni scoparium, 267, 200, 272. 
Dictyosiphon, 57. 

Dictyoteir, 57, 58, 60. 

Dienia, 313, 314, 318. 
calyciua, 331. 
congesta, 334. 
crispafca, 331. 
cylindrostacdiya, 333. 
fu.Bca, 335. 

maianOieinifolia, 326. 
museifera, 333. 
rnyurus, 331 . 

Dioniea muscipula, 375, 

Dioscorea alata, 151. 
bulbifera, 151. 
oppositifolia, 151. 
peiitapbylla, 151. 
sativa, 151. 

Diospyros, 80. 

Diplazia, 413. 

Diplaziinn, 258. 

Dipsaccae, 457. 

Dipteris, 260. 

Bipterocarp, 143. 

Disease of Oolocasia in Jamaica, G. 
Massee, 45. 

Distributional Diagram of Gentians, 120. 
Diuris, 200, 303. 

Divided Cotyledons, 81-84. 

“ Diwul,” of tbe Singhalese, 142. 


Dodonaia viscosa, 140. 

Dolichos prurieiis, 155. 
searabicoides, 447. 

Soja, 155. ^ , 

' Dossinia, 163, 164. 

I inariMOrata, 170. 

I Dossinimaria, 170. 
j Domiiiii, 170. 

' Dracontium spinosum, 149. 
j Dracunculiis, 154. 

Draparnaldia, 56. 

glomerata, 359, 387. 

Drosera, 138. 

Burnianni, 138. 
indiea, 138. 
rotimdi folia, 138, 361. 

Drymoglossum, 152. 
lieieruphylluin, 152. 
piloselioides, 152. 

Dudresnaya, 59. 

Durvillma, 58. ^ 

Dyer, W. T. Tbiselton, Supplementary 
Note on the Scars oecurring on the 
Stem of Danirnara robusta, 441, 
449. 

Dysophylla anricularia, 153. 

Eeboliiim Linneaninn, 134. 

Eclieveria inetallica, 233, 251. 

Eetocarpacem, 57. 

Ectocarpiis, 450, 452. 
crinitus, 451. 
l-lolmesii, 450, 451, 453. 

EkTagnus latifolia, 136. 

Elmocarpus cimeatus, 144. 
serrata, 144. 

EUcostieta, 428. 

Elate sylvestris, 153. 

Eleoeliarispalustris, 456, 458, 463. 

Elodea, 204, 206, 208, 220. 

canadensis, 213, 214, 218, 231,234 
375. 

Einbolia Eifoes (seedling), 74, 153. 

Embryo in Seed, Position of (Lubbock), 
77. 

Emilia soiicln folia, 148. 

Endolricha, 114. 

Entada scan dens, 144. 

Epaltes dlvaricata, 151., 

Ephebus, §, 183, 184, 186. 

Epbippiantlius, 308. 

Epicleuimydia lusitanico, 253. 

Epideiidrea% 199. 

Epidendrmn, 164, 329. 
carinata, 338. 
resupinatuin, 342. 
iimbeilaturn, 329. 

Epilobium Fleischeri, 123. 

hirsutum, 304, 305, 455, 458. 
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]iui’vifloriitn, 455, 458. 
spicatum, 123. 
tctragonuui. 455, 458, 403. 

i^pipactiB, 318. 

folio unieo &e., 318. 

■ iiu>iio[>liylloa, 318, 
paludosa, 348. 
virkliltdni, 354. 

Eqiii.setJiceiXi, oonstructiou of vegetative 
apparatus in, (U. 

EquisetiULi, 271), 285. 
paliistre, 4(>4. 

Eragrustis pluinosa, 133. 

Erantlieimiin capense, 133. 

Ereiuobiic, 55. 

Eria albido-tomeiitosa, 394. 

Erica aclciiopliylla, 181. 

Alopecurusj 183. 
aspalatliifolia, 182, 
liaurii, 178, 179. 
bicolor, ISO. 

Erowrifeeie, 185. 
caffronun, 184. 
cernua, 180. 
elilaiiiydillora, 178. 
cirierca, 120. 

Cooperi, 179. 
decora, 181. 
eriocodoii, ISO. 
lilifoni-UB, 182. 

(loribunda, 187. 
lueinanthaj 181 . 
bispiclula, 18G. 
inops, 180. 

Lerouxia*, 182. 
leueantliera, 185. 

Misaionis, 170. 
natalitia, 187. 
oclorata, 181. 

Pasaerina?, 184. 
patens, 180. 
physodcs, ISO, 181. 
plani folia, 182. 
satni’eioides, 182. 

Solanclriaiia, J 79. 
spliasrocephala , 1 80 . 
stenaiiiba, 185. 
strigosu, 183. 
tetralix, 120. 
tctrustiginata, 178. 
traobysauilia, 184, 
trichadenia,, 183. 
trillora, 185. 

Tysoiii, 181. 
unibracteata, 186. 
nrceolaris, 182. 
urna'Viridis, 180. 
vespei-tina, 185. 

Ericacece, 178. 


EricinoHa passcriiioides, 187. 
Erigeroides, 154. 

Erigerpn, 433. 

a;*gy]>tiaciini, 433. 

Aueberi, 433. 

1 ini folio in, 433. 
sotiferiun, 433. 

Eriocaulon, 130. 

qiiinquangulare, 130. 
setaceum, 136. 
sexangiilare, 136. 

Thwaitesii, 130. 

Wallichianiiin, 130. 

Erytlinea, 109, 110. 

Erythrina Oorallodcndnnn, 147, 
indica, 147- 
Eryllirogyue, 30. 

Eschsclioltzia, 75, 207. 

californiea, 75, 207, 209, 210, 212, 
234, 250, 251, 371, 374, 389. 
tenuifolia, 75. 

Ether vapour, its eiFect on vegetable 
ti.ssuos, 12. 

Euebaridinm coucinnuin, 69. 

graudilioruin, 62, (seedling) 03, 
04. 

Eueytiiius, 405. 

Eudiplazia, 413. 

Eudorinu, 54. 

Eugaliiim valantioides, 432. 

Eugenia acutungula, 143. 
caryophylicea, 142. 
cordifolia, 142. 

Jambolana, 140, 142. 

JaniboB, 1442* 
malaccensis, var., 142. 

Michelii, 143. 
racemosa, 143. 
imiflora, 142. 
zejdanica, 142. 

Eiigenioides, 153. 

Eugymnogramme, 200. 

Euloplna maculata, 389. 

Eulophidiiini niacnlutuin, 389. 
Euoiiymoides, 154. 

Eiionymus, 80. 

Enpatorium, 148, 456. 
cannabiniun, 450, 458. 
zcylanicinn, 148. 

Euphorbia, 143. 

Autiquorum, 143. 
hirta, J43. 
neriifolia, 143. 
parviflora, 155, 
tliymifolia, 143. 

Tirucalli, 143. 

Eurystegia, 185. 

Euryvstonia, §, 185. 

Eustoma, 107, 
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Eusjce, 30, 40, 41, 44. 

Evaporation, in ti saturated atnio- 
pliere (Henslow), 28(4 30(>. 

Evolvukis alsluoides, 137. 

Exacuni, 100, 137. 
sessile, 137. 

® zeylaiiicuin, 137. 

Exadonus, 104, 

^Feronia Elepbaiituin, 142. 

Ferns of Horlherii India, Supplemen- 
tary Note on the, by 0. B. Clarke, 
and J. (4. Baker, 408. 

Ferns froiti West .Borneo, on a further 
Collection ol‘, J. 0. Baker, 256. 

Fertilization oi‘ C'attlcya labiata, var. 
Mossiic, 11. J. Veitch, 305. 

Ferulago, 429. 

Amaiii, 420. 
auranitica, 430. 

Blanclieana, 430. 

Cassia, 430. 
stellata, 430. 
syriaoa, 430. 
thyrsoidea, 430. 

Festuca duruiscula, 455, 458. 
elatior, 455, 458, 402. 
gigantea, 459, 400. 
loliacea, 455, 458, 402, 404. 
ovina, 457, 459, 4(J0, 401. 
pratensis, 455, 401, 402, 404, 

Ficus, 27-31, 34-39, 42. 
altissiuia, 31. 
apiocarpa, 41, 44. 
bracteata, 42. 
callosa, 43. 

Oa,rica, 27, 35, 36, 37. 
coihosa, 44. 
cuspidata-, 44. 

Becaisneana, 43. 
diversilbrinis, 154. 
elastiea, 29. 
gibbosa, 43. 
glonierata, 41, 
birta, 44. 
bispida, 29, 32. 
infectoria, 42. 

Kurzii, 43. 

IflBvis, 44. 
lasiocarpa, 42. 
lepidosa, 44. 
leucantatoina, 42, 
leuccsticta, 29. 

Minahassin, 32. 
nem oralis, 44, 
nervosa, 43. 
oppositifolia, 29. 
pubinervis, 43. 
pumila, 29. 
religiusa, 27, 151. 


Ficus Tliwaitesii, 44. 

Tjakcla, 42. 
vasculosa, 43. 

Ficus, Observations on tjiie Ccuus, G. 
King, 27. 

Filicimn doeipiens, 154. 

Filipondulaj, 433. 

Filix, Hermann’s 8]»ocies of, 154. 
Fimbristylis barbata, 135. 
dicbotoma, 135. 
dipbylla, 135. 
global osa, 135. 

Flagellaria indica, 139. 

Flemingia slrobililera, 147. ® 

Fleurya interrnpta, 150. 

Flora of Water-Meadows, with N(jtes 
on the Species, bv r rof. W. Frc.nn, 
454. 

Floridcic, 57, 59, 00. 

Form of Leaf in Tulip-Tree (Lubbock), 
84. 

Forms of Seedlings, and causes to wliicli 
they are due, Sir J. Lubbock on, 62. 
Frasera, 105, 111. 

Fraxiniis, 80. 

Freaui, Prof. W., On tlie Flora of 
Water-Meadows, with Notes on the 
Species, 454. 

Fritillaria Meleagris, 458. 

Fruhania dilatata, 285. 

Fucaceai, 58, 

Fiicus, 58. 

natans, 153. 

Funaria, 202, 206. 

bygroinetrica, 202, 205, 209, 210, 
212, 213, 21(}, 217, 219, 228, 
233, 234, 250, 251, 209, 350, 
Funariacem, 264. 

Fungi, 00, 254. 

Fungi Japonici NonnulU : new Species 
of Japanese Fungi found ])arnsitiic on 
tbeLeaves of Polygonum mult illuruin, 
Tbunb., and Lyeiuni ebinensc, Mill., 
Dr, Cbas, Spegazzini and T. Xto, 
254, 

Fusariiun oidicude, 255. 

Givdawaka, 154. 

Galangal, 133. 

Galium, 432. 

Apariuc, 457, 403. 
can urn, 432. 
cymulosuin, 432. 
lanuginosum, 432. 
paliistre, 455, 458, 403. 
veruin, 457, 403. 

Gall-flowers, 34. 

Galoglycbia, 28, 20. 

Gamboge-tree,callecP‘GoI{atu” or “luiiin- 
goraka ” by the Singhalese,” 143. 
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Qarcinia Oanibogia, 148, 

Morulla., .148, 

Oastroglotlis luoiitaiia, 800. 

Gcioniuin huicaolaUmi, 105. 
Guniusparuin elnuigaUun, 145. 

pro.stiMtum, 145. 

G-aiUHl.n. alhida, var. billoi'n, 484, 
Oeiiiiaiia, 10 1, 103, liO, 111, 113, 114, 
121, 163. 

acaiilis, 101, no, IIG, 110. 
acuta, 107. 
aclsurgens, 1 10. 
allhiia, 110. 

Amarella, 107, 111, 110, 

Auclrofvsii, 110. 
arctophila, 110 . 
asclepiaclea, 110 . 
aurea, 103, 107, 110. 
auriculaia, 107. 
barbatula, 105, 

Buergeri, 110. 

Burseri,*! 10. 

caiiipestris, 101, 107, 11(5, 110, 

120 . 

cerastioicles, 105. 
eeriria, 103. 
eemua, 105. 
ciliata, 105, 110. 
concinna, 105, 100. 
era-SBolicina, 107, 118. 
eriuita., 105. 
cruoiuta, 110 . 
detonsa, 103, 1 10. 
dietnensis, 105. 
ditfiiaa, 105. 
ericoides, 108. 

Exadeniis, 103. 
tantigiata, 105. 
filameutuBa, 107, 118. 
floribunda, 107. 
foHosa, 105. 

Gayi, 110. 

germanica, 107, 110, 120. 
glauea, 110. 
gracilis, 103. 

Gnsebac4iii, 103. 

Hooicri, 105. 
iiicorva, 103. 
inflate, 107, 118. 

Ja^achkea,, 108. 

Jaiiiesonii, 105. 
japoiiica, 110. 
iiniflora, 307, 118. 
limoselloides, 105. 
livonica, 107. 

Ijoureirii, 110. 
iutea, 107, 108, 313, 114. 
magellanica, 1U1>. 
me-xioana, 107. 
monieroides, 103, 
luontana, 105, 100, 114, 110. 


Gentiana Moocroi'tiana, 103. 
multicaulis, 103. 
nana, 107, 110. 
iiikoeinsis, HO. 
nitida, 107, 1 18. 
nivalis, 110, 
nuininularifoLia, 1 03. 
patagoiiica, 103. 
pedieellata, 110. 

Bleurogyno, 103. 
pleurogynoicles, 105, 100. 
primulaifolia, 103. 
propinqua, 110. 
pi’ostrata, 310, 118, 110, 122, 
punctata, 110. 

purpurea, 101, 108, 110, 111, 110, 

120 . 

radicata, 105. 
ramosiasiina, HO. 

Bingii, 107, 118. 
rupieoia, 105. 
saxioula, 103. 
saxosa, 103, 100, 107. 
scopulosa, 107, 118, 
sedifoiia, 110. 
spatbacea, HO. 
squarrosa, 110. 
tenella, 107, HO. 

Tbunbergii, HO. 
thyrsoidea, 107, 118. 
trichosteinma, 107, 118. 
iimbeilata, 10^ 
vaginalis, 103. 
veriia, 101, 110, HO, 120. 
Zeylanica, 110. 

Gentianse, 105. 

Gentianeai, 102, 103, 105, HI, 111, 
115, H7, 110, 120. 

Gentians, Distvibutioiml diagnuu o! 
(Huxley), 120; Notes and Queries, 
Ok H. Huxley, 101. 

Geum rivale, 455, 45S, 403. 

Givotia rottlerifbrmis, 150. 

Gleicbenia linearis, 154. 

Glceocystis, 52. 

Gloootbeca, nuclei and ebromatophores 
present in, 188. 

Gloriosa superba, 138. 

Glyceria aquatica, 455, 458, 402. 

iluitans et var., 455, 458, 401, 
462. 

Glycine Abrus, 147. 

Ginelina asiatica, 145. 

Gnapbaliuni indicuin, 148. 

Gnetaeeos, 442. 

Godetia rubicunda, 303. 

Gokatu, 143, 

Gomphrena, 138, 
globosa, 138. 
sessilis, 138. 

Goniophlebium gubauriculatiun, 147, 
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{loniuni, 54. 

Ooocljem, 157- 
discolor, 157. 

Doiuiiiii, 170. 

])rocera, 50 1, 

Veiidiii, 170. 

Cloralvjv, 145>. 

Gossypiuiii liorbacoum, 140. 

Graiuitieiii, 4-7, 44.0, 454, 455, 45r>, 
45S, 450, (Notes on) 450. 

Grcwia,, 144. 
asialica, 144. 

Mierocos, 144. 
orientalis, 140. 

Guava, 152. 

Guentlicra, 155. 

Guilandina Boudiicella, 141. 

Moriuga, 141. 

Gyiiuieiaa lacdil'eruin, 138. 
Gyirmograimuo, 200. 

cainpylonouroidcs, 201 . 
ca^rtilagidens, 200. 
cliairopliylla, 200. 
clirysosora, 200. 
inroluta, 200. 
leptopliylla, 200. 
inacrc)]>Uyna, 200, 201. 
niembranacea, 201. 

Gyranopteris, 201. 

G'ymnosperins, 01, 442. 
Gymiiosporar\gia, 03 ; experimental 
cultures with, 04, 100. 
Gyinnosporaugium clavaria'forme, 03, 
94, 95, 90 OB, 100. 
fuscum, 03, 94, 95, 97, 98, 09, 

m. 

SabincB, 93. 

Gymnosporia einarginata, 154, 
Gynandropsis pentaphylla, 140. 
Gyrostacbys pnsilla, 303. 

Habenaria cnbitalis, 149. 

Hajinaria, 103, 104. 

discolor, 157, 104, 170, 

Ifaleiiia, 104. 

Ham am cl id eic , 405 , 

Hapknthe, 112, 115, 122. 

Hedeni Helix, 301. 

Hedyotis, 137. 

auricularia, 137. 
fraticcjsti, 137. 

berbacca, 137. 

Hedysariim, 147. 
biarticulatum, 147. 
cliphyllum, 147. 
bamatum, 155. 
beterocarpum, 147. 
maeulatum, 147. 
nummularifolium, 147. 
pulchellum, 147. 
strobiliferum, 147. 


j Hedywirum trillorum, 148. 
tncpieinim, 147. 
uuilKdlatum, 147. 
vaginalo, 147. ^ 

viscidum, 147. 

Helianthiis, 2, 

autuius, 2, 305, 373, 374, 388. 
tubcro.HUs, 2, 301, 304. 

Ilcliojdiila, 81. 

pilosa, 81; (sect, oi* seed) 81, 

■ , var. iuclsa, 81. 

Ileliotropium, 80. 
indicum, 137. 

Helminthustachys zeylanica, 451. 
Hclosis guajaneusis, 103. 

Heniidesinus iiulicus, 138. 

Hcmiielia llrimoniaiia, 400. 
decipieus, 400. 

Ibmslow, Eev. G. ;-~I. Transpiration 
as a lAmctiijn ul' Living Profoplasiu ; 
11. Transpiration, and HI. Evn.pora- 
tioii, in a Balurated ?Vtmosphcrc, 
280. 

Hcpaticje, 01, 200, 208, 2()2, 279. 
Ileracloiini Bphondylium, 455. 
Hermann’s Ceylon Herbarium and 
Linmeus’s ‘ Mora Zeylauica,’ H. 
Trimen, 120. 

Hermes, §, 181. 

Hoimandia peltata, 154. 

Bonora, 154. 

Hesperis, 77, 420. 
aintabiea., 420. 
bienspidata, 420. 
unguieularis, 420. 

Heterosporiuni Ooloeasim, 48, 411 
Hexaleutris, 308. 

Hibiscoides, 154. 

Hibiscus, 140, 172. 

AbolmoBchus, 140. 
africaiiiis, 3(53. 
mieranlinis, 172. 
p(»pulneup, 14(5. 

Kosa-sinensis, 14(5, 

Habdarilla, /I, 14(5. 

HuratUmsis, 14(5. 

I tiliaceua, 14(5, 
vitiluliuH, 14(5. 
zeylanicHB, 140. 

Hieruciinn Tilosella, 457, 4055. 
IXiglmlbamda, 154. 

Hippoeral ea ii idica, 1 54 . 
lliptage Madablota, 142, 

HoIcur, 401. 

lanatus, 455, 400,401. 

Hugonia Mystax, 140. 

Humata, 257. 

Hiiiiteria corymbosa, 153. 

Huxley, T. H., Centiaiis : Notes and 
(Queries, 101, 

Hyalotheca, 50. 
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Ilydnoraccffij' (ftnoto) 4C)8. 

Hydi'occra triilora., 141). 

IIydro(fharis MorsuS“nina',, iJ63, 3G4, 
365, 374. ® 

Hydrocot vie, 138, 301, 
asiaiioa, 138. 

vulgaris, OOJ, 302, 303, 374. 
irycli‘odict.yea‘-( 55. 

Hydrodictyon, 51). 

Hydrolca zeylunica, 138. 

’Hydriinis, 58. 

Iijmenoj)hyllu]u deiiticulatuni, var. 

ilaccidtiui, 410. 

Ilypericinca, 457. 

Ilypei’icuin elodes, 301, 302. 

perforatum, 457. 

I-Typmim fluilans, 208, 234. 

Hypoclimris rndieata, 457. 

Ilypolepis, 405. 

Ilyptis pecliiuita, 145. 

• 

Iciinoearpus frutesceris, 138. 

Illeeebrum laiiatuni, 138. 

Impatieais Balsaraina, var., 141). 
cornuta, 140. 
oppositifolia, 140. 
trillora, 149. 

Indigofera aspalatlioides, 147. 
eebiuata, 147. 
glabra., 147. 
birsuta, 147. 

• pentapliylla, 147. 
tinctoria, 147. 

Influence of Light upon Protoplasmic 
Movement, S.le M. Muore, 200 ; upon 
Botation, 244. 

lonidium sulfniticosum, 149. 

Ipomcea biloba. 137. 
bepatieaifolia, 137. 

PeS“tTgridis, 137. 

Quamoclit, 137. 

Turpetlmm, 137. 

Iris Pseudacoriia, 450. 

Isacbne, 407. 

|i,nstra]is, 1‘10. 
nionerilaiia., 130. 

Ito, I\, On a sprcic.s of Balano- 
pbora new to Ibe Jajuinese Flora, 
193. 

Ito, T., and Dr. Cbas. Spegazzhii : 
Fungi Japonioi 'Nonnuili : ^ new 
Species of Japanese Fungi found 
parasitic on the Leaves of Polygonum 
miiltiflorura, Lbunb., and Liycium 
cbinense, Mill, 254. 

Ixora alba, 136. 
coccinea, 136. 

Jambolifera peclunciiktn, 140, 


Japanese Flora, on a species of Balano- 
pliora new to the, T. Ito, 193. 

J asmino-nerium, 153. 

Jasinintim azoricum, 133. 

Jatroplia glandulifera, 150. 

inolueeana, 150. 

Jerusalem Artichoke, 2, 3. 

Jolirenia, 431. 
fungosa, 431. 

Porreri, 431. 
selinoides, 431. 

JuncacecC, 450, 458. 

Juncus acutifloriis, 456, 458, 463. 
glaucus, 450, 458. 

Jumper infected with spores of Roestelia 
lacerata, 95. 

Juniperus communis, 95, 00, 98, 

100 , 

Sabinas, 98. 

J urighas, 154. 

Jussima erecta, 141. 
repens, 141. 
sutfruticosa, var., 141. 

Justicia Adbatoda, 134. 

Betonica, 134. 

Ecbolium, 134. 
echioides, 134. 
procumbens, 134. 
repens, 134. 

Kuempferia Galanga, 133. 

rotunda, 133. 

Xaluhaburuiiglios, 1 54. 

Kaliiwala, 133. 

Kana-goraka, 143. 

Koratantlie, 103, 104, 107, ill, 112, 
^118, 119, 120. 

TCing, G., Observations on the Genus 
Ficus, with special reference to the 
Indo-Malayan and Chinese Species, 
27. 

luioxia zeylanica, 153. 

Kceleria, 460. 

cristata, 450. 

Kora-kulia, 139. 

Labial cT, 438, 45G. 

Lactuca sativa, 365. 

Lalia, 157, 103, 104. 
albida, 159. 

Amosiaua, 109. 
anceps, 159. 
autunmaliB, 159. 

Batemanniana, 160. 
bella, 109. 
callistoglossa,, 169. 

Canbamiana, 157, 109. 
erispa, 169. 
elegans, 109. 
majalis, 159- 
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Lj'elia Mylamiana, iG9. 

Philbrickiana, 169. 
purpiirata, lf)7, 169, 699. 
rubeseens, 159. 

Veitchijuia, 1(59. 

Lailiooaitleya, 1(58, 109. 

Amosiaiinj K>9, 
bella, 101). 
callistoglossn, 109. 

Canbfiniiaiia, 169. 
exonieiisis, 169, 
felix, 169. 

Mylamiana, 169. 

Philbrickiaim, 169. 

Veitcliiaiia, 169. 

Lagerstroemia Plos-rcghim, 155, 
Laiiiinariacere, 57. 

Lamprotes, 178. 

Lapageria rosea, 158, 167. 

Lapilhea, 109. 

Lnsia spinosa, 149. 

Lastrea aristata, 414. 

Lathyrus odoratus, 361, 362. 

jiratensis, 455. 

Laui'iiieous tree, 141. 

Laurua Cassia, 140. 

Oinnamomiim, 140. 

Law of positive progression in plant 
grains, 233. 

Lawsonia alba, 139. 
inermis, 139. 
spinosa, 139. 

Leaf in Tulip -tree, Form of, 84. 
Leguminosm, 80, 173, 424, 454, 455, 
456, 458, 459. 

Lemanea, GL 
Lemaneacece, 60. 

Leiniia trisulca, 201, 203,206,208-216, 
226), 227. 234, 3G3. 

Leontodon autuinnalis, 456. 

iiispidus, rl5G. 

Lepiflodendroicl trees, 4-41. 
Lcpidodendron selaginoides, 449. 
Leptoeardia, 275. 

Leptodcndron, 384. 

Leptolobi, §, 177. 

Loptosporangi ata, 276. 

Leptothrix, 51, 

Leucas zeylanica, 145. 

Leucostegia, 257. 

Light upon Eotation, Influence of 
(Moore), 244, 

Ligu strum vulgare, 304. 

Liliacem, 440, 458. 

Limnantlie, 108, 111, 117, 119, 120. 
Limnantbemuni indicuin, 108, 137- 
Limiianthes Douglasii, 361. 

Limonia acidissiina, 142. 

erenulata, 142. 

Linacem, 424, 455, 


Linociera purpurea, 1 33. 

Linmn, 80, 308, 424. 

caiharticum, 455, '458. 
grandifloriim , 36 1 
rigidissinuun, 424. 

Liparia, 199, 308, 349, 350. 
acufcissiina, 309. 
atropurpurea, 300. 

Bernaysii, 334. 
bracliystaiix, 300, 
cliloroxantha, 349. 
decurreiis, 349. 
elegans, 349, 350. 
elegantissima, 340. 
elliptica, 309. 
intermedia, 343. 
nepalensis, 310, 350. 
plicata, 349. 
prioehilus, 343. 
piirpiirascens, 309. 
Stricklandiniana, 349. - 
Trimenii, 350. 
venosa, 350. 

Liparophyliuin Gminii, 108. 

Lipozygis laiiccolatn, 174. 

Lippia noclillora, 153. 

Liriodendron, 84, 85,86. 
tulipifera, 87. 

Lisianthiis, 109. 

Lissantbe, 108, iC9, 110, 111, 115, 118, 
119, 120. 

Lisyaiitbem, 109. 

Litbuderma, 453, 

Lithodenuacea% 453. 

Litsea ztylaniea, 140, 141. 

Lobelia Piumicri, 149. 

Loliuin perenrio, 455, 4<)1, 462. 

Lonicera parasitica, 137. 

Lopbantbo, 103, 104, J0.5, 106, i07, 111, 
112, 114, 115, 118, ;n9, 120. 

Lorantbus loniceroidc's, 137. 

Loionouis foliosa, 173. 

Lotu.s, 455. 

eornicuIutuH, 455. 

major, 455. « 

Lubboelc, 8ir J,, PbytobioIogi(‘al Obst'r- 
vatious; on the Porms til* SiHMliiugH 
and tlie OauHOs to which they arts 
duo, 02. 

Ludwigia, parvillora,, 137. 
poieniiiH, 137. 

Luffa acutaiigula, 150. 

Luzula eainpestris, 458, 463. 

Lycaste, 156, KiG, 165. 166. 

Skinneri, 163. 

Lychnis Flos-euculi, 455, 458, 463. 

Lyehnitidea, §, 436. 

Lycium chincnse, 254, 255, 256- 

Lycopodiacem, 277. 

Lycopodium, 152, 418. 
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Lycopodium casiiarinoidos, 418. 

, yar, exinn'a, 418. 

, yar. pectinata, 418. 

cornuuni,®ir)i>. 
oriiitliopodioidcs, 1 52. 

Phlogmaria, 152. 

8elago, 418. 
jseyUinicnm, 418. 

Lycopods, 447. 

Lygodiimi Ilexuosum, 151. 
seandens, 151. 

Lyeiraaelua ISfumniulaTia, 4(56, 458, 
468. 

Lyl'liracect^ 455. 

Lytlirum Salicaria, 455, 458. 

Maba bu.yifolia, 154. 

Macodes, 168, 1(>4. 

Petola, 170. 

Macornaria, 170. 

Veitcliii, 170. 

Macroplithaboa, 28. 

Magnolia, 84. 

Magooliotn, 85. 

Malamiris, 184. 

Malaxejc, 80S. 

Malaxiclea^ 808. 

Mala,xi«, 808, 818, 814, 847-8,40. 
braHiliciisis, ,840. 
cocldoarifolia, 810, 
clensi, flora, 881, 344, 345. 
clipbyllow, 818. 
icbthiori'hyncba, 810. 
latifolin, 884. 

Tnaiimlbemifolia, 819, 826. 
iiiooophylla, 818. 
monticola, 840. 
riuians, 849. 
oblongifolia, 340. 
opldoglosRoidoB, 824. 
pabuloBo, 848. 

Ibirlborii, 8,20. 
plicata, 884, 885. 
lilicodii, 848. 
a])it'ata, 828. 
tlilaspifonniH, 840. 
wmbtdliflora., »‘i24. 
um!)(41ulata, 824. 
imifolia, 824. 

Maloolmia, 420. 
anra-iutica., 420. 
rmicinata, 420, 421. 
zacblensis, 420. 

MallotA'is fusce&cons, 154. 

Malva, 62. 

sylvestris, var. oxyloba, 424, 
tomontosa, 146. 

Malvaeem, 172, 424. 

Maiigifora indiea, 155. 

Marobantia polyinorpha, 201, 


Marine Algje, a description of three 
new, by E. A. L. Batters, 450. 
Musdevailia Ohiimcra, 150. 

Massee, G-,, Biseaso of CoJocasia in 
Jamaica, with an Introductory ISTotc, 
by B. Morris, 45; Rc])ort on \hp.^ 
Disease of “Cocoes” (Colocasia.) in 
Jamaica, 46. 

Mathiola incaiia, 368, 872. 

Matonia pectinata, 256. 

saruientosa, 256. 

Medicago, 425. 

Helix, 425. 

lupulina, 455, 458, 462. 
obscura, 425. 

Sheparcli, 425. 

Melastomon, §, 184. 

Melastoma, 141. 
aspera, 141, 
malabatbricum, 141 . 
oetandra, 141. 

Melhania Burclielli, 172. 

griqueiisis, 172. 

Melia Azadiraclita, 141. 

Azedaracbta, /3 sempei’virens, 141. 
Melilotus parvidora, 155. 

Melocbia concateiiata, 146. 
coreborifolia, 146. 
pyramidata, 14(>. 

Melotiiria luaderaspatana, 151, 
Memecylon capitellatum, 180. 
edule, 180. 
uinbellatinn, 180. 

Momceyluin umbellatum, 155. 

Mentha, 145, 4G8. 
auriciilaria, 158. 
pe rill Okies, 145. 

Meuvanthem, 108. 

Menyanthes, 108, 119, 459. 
indiea, 137. 

trifoliatJi, lOS, 119, 451). 

Merciirialie annua, 364, 8(>5. 

peremiiH, 861, 

Merismopedia, 52, 54. 

Mosocarp(^je, 56. 

Mesoearpue, 202, 850, 860, 066. 

par\ulu.s, yar. angustus, 350, 887. 
j)I euroca r p u.s, 867 . 

Bcaliiris, 8»5H, 866, 8f>7, 888. 
Mesunielitm, 108, 1U7, 111, 112. 
Mespilus germanica, 1)4, 09, 100. 

Mesua ferrea, 148. 

Micbelia Obanipaca, 140. 

Microlopia Spelimem, 152, 

Microcos lateriflora, 144. 
paniculata, 144. 

Mierostylidis Btelidostacbya, 197, 198. 
Microstylis and Malaxis, a Bevision of 
the Genera, H. N. Bidley, 808. 
Microstylis, 808, 309, 814-347. 
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Mici’Ostylis anclicola, 3] 5, 830. 

, arachiiifera, 315, 320. 
atropurpufoa, 349. 
baucana, 317> 343. 
bella, 341 
Beniajsii, 334, 335. 
biaiirila, 310, 335. 
biloba, 310, 337. 
braclivpoda, 318. 
brachystacliys, 315, 328. 

Burbidgei, 310, 336. 
calopbylla, 310, 317, 340. 
calyciua, 309, 316, 331. 
caracasatm, 316, 325. 
cavcliopliylla, 314, 317, 846. 
carinata, 317, 33S. 
caulesceDs, 309, 310, 314, 316, 
333. 

chloroplii'ys, 317, 841. 
cochleaiilblia, 819- 
cumui(4inib)lia, 310, 314, 817. 
coniniclyiiii^folia, 347. 
eongtitfta, 312, 316, 334. 

, Tar. fusea, 385, 837. 

, vai*. gracilior, 335. 

corclata, 314, 319. 
corynibusa., 314, 319. 
creuulata, 317, 340. 
cpispi folia, 315, 829. 
cylintlrorttaabya, 816, 333. 
decurrens, 3 19. 

(lipliTllos, 318. 
discolor, 311, 316, 336, 337. 
disepala, 315, 321. 

Bbrenbergii, 320, 321. 
excavata, "326. 
fastigiata, 315, 826, 327. 
flavescens, 387. 

, Tar. purpurea, 337. 

floriclatia, 315, 822. 

0melini, 318. 

Godefroyi, 309, 316, 334. 
gracilis, '314, 315, 321. 
bastilabiti, 316. 825. 
histionaulha, 313, 315, 329. 

, Tar, dentioulata., 829. 

icbtbyorrhyuelia, 815, 319. 
integerriuiiim, 337. 

Josephiaiia, 811, 316, 836. 
lagofcis, 316, 325. 
lancifolia, 317, 846. 
iongisepala, 815 ,827. 
iuteola, 317, 345. 
macrostacbya, 316, 331. 
maianthcmifolia, 314, 819, 320. 
Massonii, 313, 315, 823. 
metallica, 810, 317, 841. 
monophyllos, 313, 314, 315, 316, 
318, 319, 333. 
montaua, 316, 332. 

Moritzii, 315f^30. 


Microstylis museifera., .‘il4, 816, 833. 
niyurus, 812, 316, 331. 
ociibita, 317, 338. 
ophioglossoides, 3W, 815, 324, 
320. 

Purlhoul, 325, 329. 
planlaginea, 1142. 
platyciieila, 342. 

})olypliylla, 317, 339. 
p(U'pl2yrea, 315, 320, 321. 
pratensi.s, 317, 344, 345. 
pubcscens, 815, 329. 
purpurea, 317, 320, 340. 

Bheedii, 310, 311, 313, 314, 317, 
342, 343, ,‘U5. 
rotuiidata, 315, 321, 322. 
vupcstris, 315, 328. 
segaarciisis, 317, 341. 

.simillima, 316, 325. 
spicata, 315, 322. 
stelidostaubya. 309, 314, 317, 347. 
tail r ilia, 317, 3/19. 
tipuloidoa, 31 1, 314, 316, 332. 
trilobulata,, 335. 
uiubiillulata, 316, 324. 
Vontilabi'um, 317, 341. 

Tcni rieoaa, 315, 327, 329. 
Tersicolor, 311, 312, 313, 317, 343, 
344, 345. 

Wallichii, 309, 316, 337. 

, Tar. omphaloides, 833. 

Wanningii, 315, 822. 

Mimosa bigem iua, 144. 
ca'sia, 144. 
cinerea, 144. 

Eiitada, 144. 
peiiuata, 144. 
virgata, 155 
Miniusopa Elciigi, 140. 
iiuliea, 140, 

Kaul'i, 140. 

Mindela, 154. 

Mii'abilis Jubipa, 137. 

MiscoJlaiieous 8pocies IViuml ou Water- 
Meadows, 454, 455, 456, 458, 45t), 
Mniuctw, 20,5. 

Knimii, 201. 

cuspidatum, 272. 
lionuun, 269, 272, 284. 

Modccca. puluiata, 150, 155. 

Molliigo opposititulia, 1,36. 
pentaphylla, 1 36. 

Spergula,, 13 G. 

Rtriotii, 136. 

Mornordica Cluirantia, 150. 

Lulfa, 150. 

Monockoria kasbTfolia, 139. 

Monoeeia mouandria, 28. 

Monorebis, 314. 

opliioglossoides, 318. 

Moore, S. lo M., Iiifluoiice of Bight 
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upon prof0])la8niic inovtnuenfc, 200, 
yOl ; lictnarkH oti I)i\ Sohiiuper’a 
views upon iiKjvtvtneni uf cliloropliyll, 
283; St.udina ui Vi^goiable Biology, 
200 , 201 . 

Monea Hj>jit!ta{*ea, ',125. 

Morindii eitri folia,, 127, 144. 
tirictoria, 137. 
unibnllata, 127* 

Moringa pteiwgOKporma, 141. 

Morphology of the 8porogoniiim of tli6 
MiiHci (Valzey), 204. 

Mltrria, ])., Introductory Re.niarlcs on 
the DiseaiO of Oolocasia in Jamaica, 
45. 

Morns indiea, 150. 

Movomoni.s of cldoropliyll grains in 
the dark, 200 ; Nature of, 220 . 

Mu cor, 51. 

Muooriiii, 51. 

Mukia soabrella, 150, 151. 

Multi nucleate, term proposed, 55. 
Murtiighas, 155. 

M.u«a paradiHiiu^a,, 151. 

Muscari racomosum, 270. 

Mmael, 200, 208. 

Muscinoas 51), 00, Gl, 202, 275, 270, 
279, 281. 

Mushrooms, experiments with (Hen- 
slow), 288, 

Mussamda iVondosa, 127. 

Myosotis pal list ris, 450, 458, 403. 
Myrionema Honsehii, 452. 

Myrtus androsi-emoklca, 142. 
carya|)hyllata, 142, 

Oumini, 142. 

Pimenta, 142. 
zeylanioa, 142. 

Myxomycetes, 51. 

Nama zeylanica, 138. 

Naravelia zeylaniea, 145. 

Neliighas, 154. 

Nolurabium spociosum, 143. 

Nemalieas, 00. 

Nematophyce®, 50. 

Nemophila insignis, 301. 

Nooraorpho, 21, 40, 41, 44. 

Neottiefc, 104, 199, 200, 209, 293. 
Nepenthes distillaiuria, 149. 

Nepeta, 429. 

betoniciefolia, 439. 
marifolia, 439. 

Shepardi, 429. 
trachouitica, 439, 

Nephrodium amboinense, 410. 

, yar. ( 5 . ovoluU, 417. 

Arbuscuk, 259. 
cannm, 416. 
cicutarimn, 417. 

LINX. JOIJKN. — BOTANT, TOB. XXIV, 


Nephrodium cicutarimn, yar.? dubia, 
417. 

craasifolium, 259. 
cuspidalum, 415. 
decurrena, var. exaJata, 417. 
Pilix-mas, var. elongatum, 259. 
flaccid am, 415, 4I(J. 
gracilescons, 415. 

, yar. decipiens„410. 

, var. didymochtenoides, 415, 

var. hirsutipos, 415. 

hirsutipes, 41(1 
irriguum, 259. 

Lobbii, 259. 
niolle, 250. 

Otaria, 410. 
pachypliyllum, 417. 
pennigerum, 410. 
procurroixs, 41(1 

, var.? microloba, 410. 

prolixiiiri, 410. 
pulvinuliferuin, 410. 
sparsiim, 410. 

.subbipinnatum, 259, 
unituin, 154. 

Neplirolepis acuta, 154. 
auriculata, 152. 
cordifolia, 152. 

Neriuni antidysentoricum, 128. 
divaricatum, 138. 

Oleander, 128. 

Nigolla damascona, 207, 2fS4, 372. 
Niphobolus lanceolatus, 152. 
Nostocaceas, 53. 

Nostoehineffi, 52, 55. 

Notes on Graminejc, 459 ; on Legumi- 
nosie, 402 ; on Miscellaneous flowering 
Plants of Water-Meadows, 452. 

Notes on Self-fertilization and Oleisto- 
gamy in Orchids, H. N. Pidley, 389. 
Nuclei in Oseillaria and Tolypotbris, 
B. H. Scott, 18S. 

Niiphar Inteum, 459. 

Nyctanthos Arbor-tri.stis, 133. 

Sambac, 132. 

Nympluca Iiotiis, 143. 

Nelumbo, 143. 

Oak, 441, 447. 

Oberonia, 308, 309. 

Observations on the Q-oiiub Pieus, 
King, 27. 

Ochna Jabotapita, 144. 

sqiiarrosa, 144. 

Ocimuin minimum, 155. 

Ocymum friitesceiis, 145. 
menthoides, 145. 

Odontoglossum crossed with Zygopeta- 
lum, 159. 

Odontoglossum, 163, 160. 

,2<i 
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Ocloiitoglossiuu bietoiucnsc, 

CEceoclades iiuu^nlatu, 305. 

(Eclog()niaoe.‘t‘, 58. 

CEdogoiiiiim, 50. 

(ii5i(.)thei'a ainixma, OO. 

biemiisj 70 , (seedling) 71 , (cotyle- 
dons) 72 . 

bistoi'iu (seedling), 02, 71, 72. 
frutioosa, 72. 
glaiiea, 72. 

Lanniroldana, 72. 

Lindloyana, iiO. 
linearis, (cotyledons) 72, 
mici*antha, 70, 72, (seedling) 73. 
puniila, 72. 
rosea, 72. 
serolJna, 72. 
strieta, (>5, GO. 
iara.xacilblia, 07, 08. 
teiiella, 00. 

Olax zeylanioa, 135. 

Oldenlandia bidora, 137, 
coryinbosa, 137. 

Ileyiiei, 137. 
panicukta, 137. 
umbollaia, 137. 

Oligotrichuni, 264, 

Onagracea3, 455. 

Onagrarieie, seedling.s of, (>2. 

Onci'dieffi, 106. 

Ononis arrensis, 457. 

Onycliium japoniouin, 4U. 

, var. miiltisecta,4U. 

Oophycece, 55, 57, 58. 

Oosporp£e, 40. 

Ophioglossum dexuosum, 151. 
reticulatuin, 418. 
scan dens, 151. 
vulgatum, 404. 

Opliiorliiza Muiigos, 153. 

Opliioxylon aerpentiuLiin, 153. 

Opiiryclea), 200, 303. 

Oplirys apifora, 300, 304. 
bvdbosa, 318. 
onsi folia, 320. 
lati{dlia, 3 IS. 
lilifolia, 318. 
macrostaehy a, 33 1 . 
monopliylios, 318. 
paludosii, 34^ 
scapo niido, 318. 

Oplisinenus couipoaitus, 135. 

Opuntia, 449. 

Orange, 445- 

Orclndaecai, 15f), 158, 448. 

Orchideae, 107, 200, 458. 

from the Island of Bt Tlumias, 

West Africa, H. N. Eidley, 107. 

Orchid Hybrids, Oil Bigeneric, E. A. 
Kolfe, 156, 


Orchis, 403. 

eiibitalis, 149. 

Morio, 458. 
siraieuinaticji, 140. 

Oroorehiri, 308. 

Orestias (niisprintod Oresl ia.), 107, 200. 
elega,nH, 108, 200. 

OnutliugaUim nutans, 370, 
uuibellalinn, 370. 

Orophanes, §, 1(83, 

Oroxylum indiea, 145. 

Orihuceras stinda, 304. 

OrthoBiplion glabratus, 155 . 

Osbeckia aspera, 141. * 

octanclra, 141. 

Oscillaria, 188, bSO. 
prinoeps, 100, 102. 

Oscillaria and Toiy]>othrix, On 'Nvielei 
in, H. Tf. Scott, 188. 

Oscillariaccte, 52. 

Osmundn zeylmnea, 151.^ 

O.Kalis Acotos<41n, 203, 200, 207, 210, 
212, 214, 234, 2.50, 304, 371. 
coniieulaia, 154. 

Bonsitiva, 142, 

Oxycoccoides, 154. 

Paehysa, |, 180, 181. 

Pachyspirflc, 425. 

Paliconnirplm, 38, 39, 40, 42, 43. , 

I’alisado-cells, position of the eliloro”* 
phyll of (Moore), 370. 

Palmstruelda, 172. 
capensis, 171. 

Panaghas, 154. 

Pancratium zeylanicuni, 1.30. 

Pandanus odoratissimus, 139. 

Pandtjrina, 5 b 

Pandorinoic, 54. 

Pangiri-juaiui, 130. 

Panicnm, 407, 408. 
antidotale, 4o7, 
arborescons, 135, 
cayonnense, 4.07. 
compositum, 135. 
ghiuciun, 135. 
ovalihdium, 135. 
proKtratuin, 407, 408. 
rude, 407. 

Panicum Biipervacuum, Bp. nova, On, 
by C. B. Cbirkt), 407, 408. 

Papaver, 419. 
clavafcuin, 420. 
connnutatum, 420. 
poly trich inn, 420. 

Eha^as, 420. 

, var. pinnatum, 419. 

, var. syriaciun, 419. 

stylatum, 42(}, 
umbonatum, 420. 
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Papareracoa', 411). 

.Parat'{ir}’uiii Kculori, vai*. loiocarpa, 
4:rK ‘ 

Pa,r!t‘ln.ria zcyliiica, 151. 

Panmyckiu, 

arg'oiiiea. vat*. .scariosiRsinui, 423. 
iiivca, var. alitaiuata, 423. 

, ym\ ubUma, 423. 
Parunycjbieus 42o. 

PaHsiilora, 80. 
l^aulliuin, awialiica, HO. 

Pa,vt!ita imiitai, 130. 

Pavouiu odorala, 140. 

z(‘ylani«a, 140. 

Pedal, iuni Miircsx, 154. 

Pfdiaairea:^, 51). 

Pcdiaaiaami, 55, 51), 

Pediaulai'ia, 403. 

Pedilaai, 310, 313, 314, 310, 331. 

layuruw, 331. 
iVdilea,, 314, 

I'eU-aria eape^sis, 171. 

Peunisetuia fypkoicleum, 130. 
l\,*ntapct(!8 Bubcriiblia, 140. 

Porieoj)sis Mootiiaiia, 143. 

Perilla ocynun'clcH, 145. 

Periinelita?, 102, 103, J 11, 112. 
Periploca inclica, 138. 

Peruiiospom, 40, 51. 

trieliotenm, 45, 48, 40. 

PeruHs latifolia, 134. 

Petioles, comiaio, 75, 70. 

Petroaelkium sativiiin, 301. 

1 lui'osporea*, 51, 57, 58, 00. 

, isegainouH and lieterogairieus, 

reproduction in (Bennett/), 57. 
Hiaiocalaiitho irromla, 108. 

Pijaius, 157, 103, 105, 100, 168. 

Blumei, 394. 
grand iflorus, 168. 

— — , var. purpureus, 168. 
grand ilblius, 158. 
inquilimis, 108. 
irroratus, 158, 108. 
luaculatup, 393. 
vestituH, 158, 108. 

Pliajiiuw, 308. 
ldiuia3no]).sis j\plir(idiU', 107. 
iuleruu"dia, 100. 

* ^ rosea,, 107. 

.Phala-ris, 88, 402. 

armidivuu'ca, 88, 89, 90, 455, 458, _ 
402, 404. 

Phantis, 153. 

Pha,ri(naceBy(?ca, 29, 30. 

Phasciuri euspidatum, 272. 

Pliase«4us Itax, 147. 
radiatus, 147* 
vulgar is, 301. 

Phegopleris, 259. 

Iduiugeria, 107. 


Philcsia buxilblia, 158, 168. 

Veikdiii, 158. 

J^liilippia trislis, 187. 

Philodendron, 448. 

Phleum pratenso, 455, 461. 
idilomis fruticosa, var. leiosiegia, 430. 

zeylaniea, 145. 

Phoenix dactylifcra, 153. 

Pholidota, 308, 309. 

POotinopteris, 201. 

Photolysis, obsrevations on, 300. 
l^hraginites, 402. 

commmiis, 455, 458, 461, 402. 
Phycochroiuaceae, 53. 

Phycomyecs, 12. 

PhyllauLhus distichiis, 149. 

Emblica,, 149. 

Niruri, 149, 
urinaria, 149. 

Phyllitis, 451. 452. 

Pasciae, 451, 452. 
filiforniis, 451, 453. 

Pbylloglossuin, 281. 

Pliyllosticta Tukutaroi, 255. 

Physalis angulata, 138. 

PHtobiologieal Observation.s (8ir J. 

Lubbock), 02. 

Pig’s Yam, 153. 

I Piliiinna fragans, 390, 
uobilis, 390. 

Piiupinclla depaiiperata, 427, 

Baxilraga, 457. 

PiuuB Laric.o (ftnote), 8, 

Piper, 134. 

Amalago, 134. 

Petle, var. ?, 134. 
longuuu 134. 

Ma lain iris, 134. 
nigrum, 134. 

Siriboa, 134. 

Pistia 8(ratiotes, 149. 

Pisum sativum, 301, 302. 

Pithecolobium bigemhiuin, 144. 
Irithophora, 50. 
lht.ho])horaceai, 50, 

Phmtaginaecffi, 440. 

Phmtaginem, 450, 458. 

Plantago, 77,403. 

Arenaria, 79, 

C-ynops, 79. 

Goronopus (seeds), 79. 
lanceolata, (sect, of seed) 78, 79, 
to, 450, 403. 
major, 79, 450, 458. 
maritima, 79. 

media, (sect, of seed) 78, 79, 80, 458. 
ovnta, var. lanata, 440. 

Plantarum novartim orientalium dia- 
gnoses, by Dr, Ct. Pk Posh 419. 
riasmohsis. ellect of, iu turgeseeul vege- . 
I lable t issues, 20. 
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Platyclinis, 308. 

HatygaJia, 433.^ 

Platysteiuon californicus, 301, 303. 
Plcurogyiie eariuthiaca, 119. 
rotato, 119. 

PlowrigliL. tihas. IP, Experiniontal 
Ob, scr vat ions on certain British Hctc- 
roeeious Bredines, 88, 

Pluml)ago zeylanica, 137. 

Pea, 4GJ . 

amabilis, 130. 

annua, 209, 211, 210, 234, 200, 
455. 

acjuatica, 404. 
pratensis, 455, 401. 
trivialis, 455, 401. 

PogoimUim, 2( )9 ; apu|)liyBis absent from 
many species ol^ 204. 
alpinmn, 205, 

Pogonotroplie, 29. 

Pogostoinon licyuoanus, 145. 

Poinoiana pnlcliorriina, HI. 

Polianthus tuborosa, 139. 

Polyearpica coiyinbo.sa, 138. 

Polycudon, 18ib 
Polygala arvensis, var. f3, 147. 
clunensls, 147. 
ciliala, 140. 
g'aiicoides, var., 147. 
tridora, 147. 

Polygonacese, 460, 458. 

Polygonufciim multlflorum, 254, 255, 
250, 361, 302. 

Polygonum ampbibiuin, var. teirestrc, 
254, 

Bistorta, 370, 

Convolvulus, 254. 

Dunietorum, 254. 
kpatbi folium, 254. 

Persicaria, 45(), 458. 
polystacbyuni, 7<5. 

Polypodiuin adnaseens, 152. 
anioenura, 417. 

, forma pilusa, 417. 

anoiualiiui, 415. 
argntum, 417. 

, forma kliasiana, 417. 

aurieulaturn, 152. 
bifureatum, 200. 
cyrtolobum, 418. 
dareadbnnis, 410, 

Bipteris, 200. 

Briffiibianum, 418. 
baslafcuin, var. oxyloba, 418. 
jtiglaiidifoiium, 418. 

, var. pauper, 418. 

Babriisca, 259. 
liingua, 259. 
lingLiadbj'me, 2(50. 
nigroseeiiH, 2r»0. 
ovatum, 4J8. 


Polypodium querci folium, 152. 
quinquofurcatum, 200. 

Spelunctc, 152. 
subarbortnnn, 2511 
subaurkm latum, 417, 418. 
uni t urn, 154. 
verrucoBUjn, 259. 

Polysticlium aurieulai.um, 152. 
Polytricluiceie, 202, 203, 204, 205. 
Polylriclunn, 207-274. 

commune, 205, 201), 270, 271, 273, 
283, 284, 285. 

forinosum, 205, 200, 270, 271, 273, 
283, 284, 285. « 

juniperinuin, 205, 209, 271, 284, 
285. 

pilifmmm, 205, 209, 270, 273. 
Poiitcderia linstata, 139, 

Populus treniula, 441, 442, 443, 444. 
Porphyra., 00. 

Porpbyracem, 00. 

Portulaca, 3()5. * 

Po.sfc, Dr. Cl. E., DiagnoscB Planfcarum 
Kovarum Orientalium, 419. 
Potamogeton, sp., 459. 

crispus, 301, 303. 

Putentilla Anseriiia, 455, 4'5S. 
Fragariaatrum, 457* 
reptans, 455. 

Poterium Sanguisorba, 457. 

Pothos soandens, 149. 

Potter, M. C., Note on an Alga (Ber'^ 
matopbyton radicaiis, J?eter) grow- 
ing on the European Portoiae, 251. 
Pouzolzia indica, 153. 

zeylaniea, var., 151. 

Prangos Areia-RomamB, 431. 

molieocui’pa, var. trachonitica, 430. 
Prcinna aerratifolia, 154. 

Prepusa, 109. 

Primula Veris, 458. 

vulgaris, 31 ‘41 
Primiilacem, 450, 458. 

Protea, 272. 

Protococeac(w, 52, 54, 55, 59. 
Pri)tococcoidem, 55. 

ProtococcuB, 53, 54. 

Prolophyta, 51, 52, 53. 

Protoplasm of Klodtsii and Yallisneria, 
E(»ttilion of (Mooi'e), 235. 

Protoplasm, Transpiration us a, lAnic- 
tion of Living, Kev. 0. Huuslow, 280. 
Protoplasmic Movement, llui Iidliamco 
of Light upon (Moore), 20t), 351. 
Prunella, 403. 

vulgaris, 450, 403. 

Prunus domestica, 301. 

I^suminogctou, 431. 

Pseudallantodia, §, 413. 

-Pseudartliria viseida, M7. 

Pseuderemia, 178. 179, 
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Mdiuin Q'uajava,, 143. 

{J'uyaw, 143. 

Ptaloa vi.sciuBJi, ilO. 

.s!r>2, «79» 

Pt.t'l'iH {Ujiiilinfi, 123. 

208, 212, 214. 

(•tl.sif'ointUH, lO'l. 

(hvviOwiiia, 412. 
qujidrinuritn, 154. 

-- — vjii*. digitalH, 412. 
wnTuluta,, 208, 211, 212, 233, 234, 
231, 305, 

14i‘r()c*a,r]H'iB, 13-k 
PtciaiohilfiH, 314. 

|4aii1a”iiieuB, 3l'2. 

.OteroBpcniiuin aubci'ifuliuin, 140. 
rtV(4iautha, 108, 110, 111, 113, 114, 
115, 118, no, 120. 

Puccinia aroiuiriicola, 90, 02, 03. 
carieicolii, 01. 

CariciWj 01 , 02, 03. 
limosa; 01. 
microHora, 01, 

Plialaridis, 88, 00. 

}5)lygon<aniD:i, 254-, 255, 
Bubi^a,)-vera, 80. 

8clu».4eriana, 01, 02, 03. 
scMHiliy, 80. 
aylvatica3, 01. 
vulpina, 01. 

Puccinia3, 01, 02. 

Pmjciaria, 57. 

Pupalia atropurpurea, 138. 

Pyrotlinmi Paidflaiifiim, 234, 3C4, 
iinense, 214, 210, 234. ‘ 

Pyrus Aria, 04. 

Aiiciiparia, 93, 04, 05, 00, 90, 100. 
communis, 03, 94, 05, 06, 97, 08, 
09, 100. 

Malus, 04, 05, 96, 07, 00, iOO. 
torininaliy, 04. 

'vulgarirf, 04, 97, 100. 

Qaercus Robur, 442. 

EaMcsia, 408. 

RaflleBijiceaj, (ftnote) 4ii8, 460. 

Ealfyla, 452, 453. 
clavata, 452, 453. 
spongiocaj'pa, 452, 453. 

Ralfsiaco^ic, 453, 
liaimnculacoic, 410, 455, 457. 
Rauimciduy, 410. 
acris, 455. 
aquaiilis, 459. 

arvonsis, var. longispiinis, 410. 

■ , var. rostratus, 410. 

auincomns, 457. 
bidboBus, 361, 362, 455. 

Picaria, 376, 457, 403. 


Banimeulus repcnH, 457, 463. 

scolorafeuH, 301 , 362. 

“ Eaankincla,” Tiiiospora cordifolia, 

151. 

Ral a-bula t-wt4 , 1 34. 

Katlmy » exper. culture with Gymno- 
aporangia, 04, * 

Eemaidis on the Disease of Goloeasia in 
Jamaica, I). Morris, 45. 

Bieport on tlie Disease of “ Cocoes ” « 
(Oolocasia) in J'amaiea, G. Massee, 
46. 

Reseda odorata, 372. 

Rhamnicastrum, 153. 

Rhamuus Jujuba, 137. 

JSapeca, 137. 

Gilnuplia, 137. 

Rliinanthu.s inclica, 145. 

Rlhpelia, 55. 

Rlii/,opliora conjugata, 142. 

Rhizopbores, 440, 450. 

Rliodosporea', 51. 

RJuw Cobbe, 154. 

Ribesioidos, 153. 

RieitiiiH communis, 150, 

Ridley, H. N., A Revision of the Genera 
Microaiylis and Malasis, 308; Rotes 
on 8elf- fertilization and Clcist-oganiy 
in Clrcliids, 380 ; On a new Genus of 
Orehideic from the Island of St. 
Tliomas, West Africa, 107. 
Rivulariaccm, 52, 53. 

Roestelia eancellata, 03, 05. 
cornu;a, 93. 

lacorata, 93, 05, 96, 100; J’liniper 
infected with spores of, 05, 
Roestelifc, 93. 

Rolfe, R, A., On Bigeneric Orchid 
Hybrids, 156. 

Bondeletia asiatica, 137. 

Rosa, 450. 

Rosaceas, 80, 455, 457- 
Bothia trifoliata, 147. 

Rourea santaloides, 153. 

Rubiaeeaj, 432, 455, 457. 

Rubus, 459. 

Ruellia antipoda, 145. 
ringons, H5. 

Rumox Aeetosa, 45(5, 463. 
atpiatieiis, 456, 458, 403. 
crispiis, 466, 463, 
obtusifuliuB, 4.58. 

Rungia I’opens, 134. 

Sabbatia, 100. 

Sagenia, 250. 

Sagittaria aagittifolia, 450. 

Salix, 459. 

Salomonia cordata, 146. 

oblongifolia, 146. . 
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Salvia, 438. 

purpurasoens, 438. 

I’ubi folia, 438 
Samadera iiidica, 154. 

Samaiidiiva, 154. 

Saiitaloides, 153. 

^ Saproleg-nia, 51. 

Sarcoeephalus corclatiis, 13(>. 

Sargasso ni polyphylluiii, 153. 

^ Saxicola, §, 435, 

Sasifraga granulata, 208, 212, 214. 211). 
234, 363. 
oppositifolia, 113. 

Saxifrageta, 200. 

Scabiosa, 433. 

arveiisis, 457, 463. 
oclii’oleuca, 433. 

, var. intermedia, 433. 

taygotea, 433. 

Scaivola Kamigii, 149. 

Scaligeria capi Hi folia, 428. 

Scbiiriper’s Views on movements of 
chloropbyll, Moore’s remurlis on, 
383. 

Sebinns Limonia, 142. 

Schizcea digitata, 1 52. 

Sebizomj-cetes, 52, 53, 191, 
Scbizophycea?, 191, 192. 

Scliizopbyta, 191, 192. 

Scbomburgkia, (ftnote) 164. 

Sciadiura, 55. 

Scilia bifolia, 376, 389. 

nutans, 458. 

Scirpus capillaris, 135, 
dichotomus, 135. 
ecbinatus, 135. 

Solerocalyema!, 423. 

Sclerencliyma, 444, 449. 
Selerencbymatous cells, 444. 
Scolopendrum longifolium, 258. 

Seolopia GaTineri, 153. 

Scott, D, II., On Nuclei in 0.seiliaria 
and Tolypothrix, 188, 

Scrophularia aqiuitica, 456, 458, 463. 

gileadensis, 438. 

Scrophulariaceie, 436. 

Scrophularinca?, 456, 458. 

Scutellaria galericiiluta, 456, 458. 
Seytonoinacea*, 52. 

Seakale, Experiments with Etiolated 
(Henslow), 295. 

Seiffia, 109. 

Sebastiana Ciiamadma, 150. 

Sedum dasypbyllum, 385. 
spurinm, 209. 

Seed, Position of Embryo in, 77. 
Seedlings, Forms and Causes (Lubbock), 

r>2. 

Selagiiiella, 449 ; cbloropliy]! in, 202. 

. Erapai'ualdia, 375, 


Selaginella inmquali folia, 449. 
integorrima, 152. 

Imvigata, 449. 

Martcnsii, 202, 351 ,*352, 353, 356, 
360, 3()S, 374, 386, 449. 
ornitbopodioidi^H, 152, 153. 
Selaginellaceie, <U, 355. 

Seleiiastruiu, 54. 

Selen^ipedium crossed withOypripcdiuin, 

Sclenipediiim caricinum, 161, 162. 
caudatum, 159, 161, 162. 
longifolium (Roezlii), 161, 162. 
Peurcei, 161, 162. 

Scblimii. 161, 162. 

Self-fertilization and Cleistuga,my in 
Orchids (Ridley), 389. 

Sclligueji, 261. 

Senecio albopunctatus, 177. 
aquaticus, 456, 458, 463. 
aspcriilus, 176. 
civierascens, 170. 
crenatus, 176. 
crucifolius, 457. 
dacobaia, 91, 92, 93. 
namaquanus, 176. 
piibigerus, 178. 

Eehmanni, 177, 178. 

Soeioruin, 175. 

vulgaris, 207, 209, 234, 362, 363, 
371,372,374,388. 

Serapias parasitica, 331. 

Sesauium orieutalo, 145. 

Sbattock, S. G., On the Scars occurring 
on the Stem of Datuinarn, robust n.; 
with a Supplementary Note by W. T. 

^ Thiselton Dyer, 441. 

Sida Abutilon, p, 155. 
aliiifolia, 14(1 
asiatiea., 155. 
cordifolia, 146. 
periplooifolia, M6. 
rliombifolia, 146. 
spiium, 146. 

Sideritia niontana, var. xa.nl ImslcLna, 
439. ^ 

SiltMie Makmoliana, 422. 

Portnri, 422. 

Sileneie, 422, 

Siphuncie, 55, 192. 

S i 1 )honocladaceas 55. 

Sisymbrea*., 81. 

Smilax zoylanica, 151. 

Smyriiium })erfoliatum (seedling), 75. 
Solanom, 81. 

Solanuin Dulcamara, 361.. 
indieuin, 138. 

Meloiigoiin, 137. 
nigrum, 361, ,‘!72, 388, 
sodoma'Uin, 1,‘{8. 
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Solamini tubovoftum, 3<>1, 3lU. 

xtmiliQCarpuni, var. Jawjuiui, lo8. 
SosuVlins DloriiecfiiH, 457. 

Soptioni, hol;a|>4(ylla, 141. 

touientoaa, .141, 

8opi,u‘0(^iil.t;1oya, 11 >9. 

Ikt.(nnu.nuiiiiia, Kll). 

Sophroniti.H, 157, 158, 153, 1(,)4, 159. 

gpiuididora, 109. 

Sora,si;rojB, 5*1. 

8orastnim, 54. 

Sorbua, 95. 

Auonparia, 97. 

South-Alncan llotaiiy, Coiilribu lions 
" to, XL Bolus, 171. 

Spiu'ganiiun, ap., 450. 

Spaihoglottis Bivuliiuxi, 394, 
plicata, 394. 

Spogazzini, Br. Ohas., andT. llo, lAirigi 
.Ia])onici Nonnulli: new Spooios of 
Jupaneao, Xbmgi found panisitie on 
tbo Loaves of Polyg(»nuiu nniliiilorinn, 
XXiunb., aud Lyciiun chimmso, Mill., 
L^54. 

Sponnacoce hispida, 137. 

Bpbffii'anl-lius i odious, 149. 
Sphaua)pleaoea), 58. 

S])hagiiuin, 58. 

SpicatiX), 315, 3iil. 

SpilanthcKS Aeinelln, 148, 149. 

pHoudo-A( 3 Ujel la, 148, 

Spinaoia oloracoii, 351. 

Spivioa U1 maria, 455. 

’ Spiranthes australis, 302, 303, 394, 
autunmaHs, 302, 393. 

Spirogyra. 51 ; celbdivision iu, 230. 
Splacnnacoae, 254, 205. 

Splaolimim ampullaoeiun, 272. 
spbaaricum, 255, 
vaaculosum, 272, 273, 284. 
iSporocliiuis, 57. 

Sporogonium of the Mosses, On the 
Aiuitoiny and Bevel opraeut of the, 
S. B. Vaizey, 252, (morphology of) 

^ 254,275. 

8c[uamariea% 50, 

81 mcbado -m ontba, 153, 

Staclivs libanotioa, var. eriocalycina, 
431). 

^ Steliaria graminaa, 457. 

Holosteu/, 457, 453. 
media, 201, 205, 210, 234. 
Stenocbbena paliistro, 154. 

Btenosemia, 251. 

Sfcepbananfcbe, 103, 105, 107, 111, 112, 
114, 115, 118, no, 120. 
Stepbanospbasra, 54. 

Bterculia Balangbas, 150, 
foilcla, 150. 

Sterculiaoeie, 172. 


Bliiuulation on Tm'gescent ^''egetable 
Tissues, Xlireet of (Bateson and Bar- 

win), 1. 

Strugularia, 453. 

8l.r,‘itio1e.s alismoides, 144. 

Btriga eiiplnuisioides, 155. ^ 

Btrycbnos Kns-vomica, 137. 

St tidies in Vegetable Biology.— ITI.~IV. 
The Influimee of Liglit upon Proto- 
plastuie Movement, Parts 1, 2: S. le * 
M. Moore, 200, 351. 

Sunflower, 2, 3. 

Su|iplemontary Note on (be Perns of 
Nortlmni India, by 0. B. Obudie and 
4, O. Ealcer, 408. 

Swertia, 105, 111. 

porennis, 119. 
vSyeidium, 40, 41, 44. 

Bycomorpbe, 29. 

By comoriis, 29, 41. 

Sylliniim, 424. 

Symploco.s sjjicaXa, 153. 
vSymphytuui oflleinale, 455, 458. 
Svngenotieaj, 58. 

Bytimcia, 29, 30, 33, 3S, 40, 41, 44. 

Tabornaanontana ooronaria, 138. 

dichotoma, 138. 

Tacdiia, 109. 

Tacbiadenus, 100. 

Tainariudus iridioa, 134. 

Tapir us, 121. 

3''araxacum officinale, 455. 

Taxodium distichmn, 442. 

Teleufcospores. 88, 00, 94. 

Tenorea, 28, 29. 

Tepltrosia pentapbylla, 148. 
purpurea, 14H. 
senticosa, 148, 
tinctoria, 148. 
villosa, 148. 

Tetraspora, 54, 

Teuorium auraniticiim, 440. 

Thalictrum flavum, 455, 458, 453, 454, 
Tliallopbytes, 59, 50, lf)2. 

Tbelymitra cireumscpta, 394. 
long! folia, 393, 304. 
nucla, 393. 
paiicillora, 303. 

Tbespesia populnea, 145. 

Tbomiingia, 193, 

Thunborgia reticulata, 77. 

Tbylacite.s, 110, 

Thymus, 438. 

Serpyllum, 450. 

syriaciis, var. trachoniticus, 438. 
Tilia vulgaris, (embryo) 83, (sect, of 
seed) 83, (seedling) 81. 

Tiliacem, 173. 

Tinospora cordifolia, 151. 
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Tipularia, 308. 

TipuloidetB, 316, 332. 

Todd alia aeuleata, 140. 

Tolypothrix, 101. 

coaetilis, 180, 190, 102. 
lanata, 183. 

Tomex tomeiitosa, 136. 

Tomiophyllinn, 438. 

Tragia Oharua3la2a, 160. 
iiwohierata, 150. 

Mereurialis, 150. 

Tragiuin, 427. 

Tragopogon pratensis, 457, 463. 
Transpiration as a Function of living 
Protoplasm; II, Transpiration, and 
III, Evaporation, in a Saturaied 
Atmosphere, by Eev. Gr. Henslow, 
286. 

Trema orientalis, 151. 

Tremella olavariadbrinis, 94. 
juniperina, 94. 

Sabinas, 94. 

Trentepohlia, 56. 

Tretorhiaa, 110. 

Triandria Monogynia, 28. 

Tribiilus lanuginosus, 141. 

terrestris, 141. 

Tricbodesma, 436. 

Boissieri, 436. 
moile, 436. 

Tricliomanes adiantoides, 152. 
‘bipunefcatura, 410. 

, var. late aiata, 410. 

digitatuna, 257. 
filicula, 257. 

Trichopilia (cleistogamous), 380. 

fragans, var., 390, 391, 394. 
Trifolium, 155, 425, 

Alexanclrinnm, 425. 

Alsadanii, 455. 

Oandoiloi, 425. 
maritimum, 426. 
minus, 457, 462. 
pratense, 455. 
procumbcna, 457, 462. 
repens, 455. 

Trigemraa, §, 178- 

Trigonellacylindracea, var. lilacina, 425. 
indica, 147. 

Nociana, var. minor, 425. 

Trimen, H,, Hermann’s Ceylon Her- 
barium and Lintueiis’a ‘Flora Zey- 
lanica/ 129. 

Triodia, 460. 

dectimben.s, 459. 

Tripblebia longifolia, 258. 

Trisetum flaveacens, 455. 

Trinmfctta Bartramia, 141, 142. 

rbomboidea, 141. 
f Sonderiana, 173. 


Tropasoluin majus, 362, 363, 372. 
Tubercnlina jiiponica, 255, 256. 
Tulip-Troe, leaves of (Lubbock), 84. 
Tiimna villosa, 155, ® 

Typlionium trilobatum, 149. 

Tyiopbora asthmuticNa, 155. 

Ulodcndron, 447, 448, 450. 

XJlothrix, 56, 359. 

flacca, 441. 

XJlotriebaceie, 56. 

Clva, 60. 

Ulvacetn, 60, 253. 

IJmbellifera?, 426, 455, 457. ® 
Umbellukitce, § (Microstvlis), 310, 313, 
315, 324. 

Uredines, Exper. Obaerv. on certain 
Brit. Heteroecious, 88. 

XJrodinem, 51. 

Uredo, 89, 91. 

polygonoruin, 255. 

XJredospores, 88, 90. 

Urena lobata, 146. 
siniiata, 146. 

Uro.stigina, 28 -31, 35, 38-41, 43. 

Urtica aiienata, 151. 

dioica, 92, 93, 456, 458. 
inter nipta, 150. 
wens, 212, 216, 234. 
tJrticaeese, 456. 

Urula, 153. 

Utricularia Cffiriilea, 134. 
flexuosa, 134. 

vulgaris, 134, 208, 226, 234. 

Uvaria zeyianica, 144. 

Vaccinium intermedium, Buthe, a now 
Brit. Plant, N. E. Brown, 125. 
Vaccinium intermedium, 125, 126, 
127. 

Myrtilliis, 125, 126, 127, 128. 
Vitis-idma, 125, 126, 127, 128. 
Vaizey, J. K., On the Anatomy and 
Development of the Sporogoni’um of 
Mosses, 262. 

Valeriana dioica, 456, 458, 463. 

officinalis, 456. 458, 4(,>3. 
Valerianaeem, 45(>. 

Vallisneria, 200, 208, 233, 236, 240, 242, 
249. 

spiralis, 373, 388. 

Valonia, 55. 

Vandem, 1(>6, 

VandelHa Crustacea, 156. 

Vanilla, 448. 

Vascular Cryptogams, 50, 60, 61. 
Vasculares alluded to, 262, 275, 281. 
Vaueberia, 55. 
indica, 143, 
sp., 233. 
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Vogeiablo Biology, Mr. Mooro’a Studies 
in, IW, 351. 

Vegetable Tinsuc^, Effect of Stimulation 
on Tnrgesceiit (Bateson & Darwin), 1. 
Veitoli, 1£. J., On the Fertilization of 
Cattleya labiata, var. Mossi®, 395. 
Verbascum, 436. 

Barbeyi, 436. 
gileadense, 437. 
qulebicura, 437. 

Verbena nodiflora, 153. 

Verbesina Acmella, 148. 
ealend«laeea, 149. 

Lavenia, 149. 
pseudo-Aoinella, 148, 149. 

Vernouia anthelmintiea, 154. 
cinerea, 154. 
zeylanica, 148. 

Veronica Anagallis, 456, 458. 
Beecabunga, 456, 458. 

Ohainajcil'ys, 456. 
officinalis, 458. 
scutellata, 456, 458. 
serpyllifoiia, 468. 

Vicia Cracoa, 455. 

Faba, 2U7, 234. 
narbonensis, var. pilosa, 426. 
Sepium, 457. 

Viliarsia capensis, 108. 

Vinca minor, 361. 

Viola, 149. 

enneasperma, 149. 
odorata, 361, 362, 363, 364, 376, 
387 .^ 

suflruticosa, 149. 

Viscum, 281. 

Visiania, 28, 29. 

Vitex allissima, var., 153, 154. 

Negundo, 153. 
pinnata, 153, 154. 
pubcscena, 154, 
tiri folia, 153. 

Vitia eriooiada, 138. 
indiea, 13k 
Liimaii, 137. 


Volkameria inermis, 115. 

Volyociuea;, 54. 

Volvox, 51, 54, 55. 

Voyria, 109. 

Wiclmedya, l.i4. 

Wal-miris, 134. 

Waltheria indiea, 146. 

Wedelia biflora, 148, 149. 

calendulacea, 149, 

Weli-Kaha of the Singhalese, J 39. 
Weralu fruit, known as Wild Olives, 
144. 

Wild Olives, 144. 

Willow, 442. 

Wissadula zeylanica, 146. 

Wood-apple, 142, 

Wrightia zeylanica, 138. 

Xanthium Strumarium, 155. 
Xantbophylluin flavescens, 153. 
Xiphidium, 426. 

Xyris indiea, 135. 

Zeuxine sulcata, 149. 

Zingiber officinale, 133. 

Zerumbet, 133. 

Zizyphus Jujuba, 137. 
kicida, 137. 

Xapeca, 137. 

CEuoplia, 137. 

Zornia diphylla, 147. 

Zyguema, 358. 

Zygnemaceai, 56. 

Zygocolax, 170. 

Veitohii, 156, 170. 

Zygopetalum, 163, 165, 166; crossed 
with By caste, 159. 
crinitum, 156, 170. 

Mackayi, 163, 106. 
maxillare, 163. 

Sedeni, 163, 

Zygophycein, 55, 57, 00. 

Zygosporete, 49. 
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